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DECLARATION UNDER 37 CFR Section 1.132 

I, Raymond W. Lam, M.D., declare and say that: 
I am a Professor of Psychiatry and Head of the Division of Clinical 
Neuroscience in the Department of Psychiatry, Faculty of Medicine, at the 
University of British Columbia. I am also a medical doctor and the Medical 
Director of the Mood Disorders Centre at the UBC Hospital. I have written and 
edited a number of books and published over 250 scientific articles and book 
chapters, many of which relate to the clinical aspects of depression, particularly 
seasonal, atypical and difficult-to-treat depressions including SAD (Seasonal 
Affective Disorder). My research and interests include the area of light therapy. I 
am a founding member of the Society for Light Treatment and Biological 
Rhythms (SLTBR), a not-for-profit international organization dedicated to 
fostering research, professional development and clinical applications in the 
fields of light therapy and biological rhythms and have previously served in the 
capacity of President and Director of this organization; 

In addition to the above-noted activities, I act as technical advisor to a 
number of organizations including The Litebook Company Ltd. of Medicine Hat, 
Alberta, Canada. However, I have no shares or options in, and receive no 
regular compensation from, The Litebook Company Ltd.; 
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Analysis of Scientific Literature 

I am familiar with the reference Brainard et al. (2001 ) Action Spectrum for 
Melatonin Regulation in Humans: Evidence for a Novel Circadian Photoreceptor. 
J Neurosci 21(16):6405-6412, a copy of which is attached hereto as Exhibit A; 

Brainard et al. teach that nighttime melatonin suppression tests were 
completed using light having wavelengths from 420 to 600 nm and that an action 
spectrum was constructed from the test data, which identified 446 to 477 nm as 
the most potent wavelength region for regulating melatonin secretion; 

Brainard et al. teach that xenon arc lamps and a grating monochromator 
were used to administer the light for their test procedure. In my opinion, efficacy 
for one type of light is not automatically applicable to another type of light without 
study. The light emitted from a xenon arc lamp and monochromator is different 
than the light generated from a light emitting diode (LED), as used in the Litebook 
light therapy device, with respect to characteristics which may play a role in the 
therapeutic benefit of light. For example, the light emitted from an assembly 
including a xenon arc lamp and monochromator is filtered to contain only the 
wavelengths of interest rather than a broader spectrum light with one or more 
peaks in a spectral region of interest, as is emitted by LEDs, such as those used 
in the Litebook light therapy device. As a further example, light from a xenon arc 
lamp generates more heat and is less stable (attributable to plasma oscillations) 
than light from an LED; 

Since it is not correct to assume that the efficacy of one type of light is 
applicable to another type of light, many studies have been conducted to 
compare efficacies for various types of light. For example, there are many iight 
visor studies, such as those of Joffe etal., 1993, Rosenthal etal., 1993, Teicher 
et al., 1995 and Meesters etal., 1999 (all in Exhibit B), that have been done to 
determine the usefulness of such devices for light therapy. All of the studies of 
Exhibit B use a light visor including an incandescent light bulb as a light source 
that is positioned to shine light from the visor, when mounted on a patient's head, 
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into the eyes of the patient. At least some of the visors in the studies were 
selected to emit light in the range of 2500 lux to 7800 lux at the eyes, which are 
intensities of light shown to be effective for ocular light therapy. Each of the 
studies was well done and in spite of the use of light intensities that had been 
shown to be effective for light therapy using conventional fluorescent light boxes, 
none of the studies show an efficacy for light visors against plausible placebo 
conditions obtained by using light visors emitting less than 400 lux. As a further 
example, studies, such as those of Rosenthal etal., 1984 and Rosenthal et a/., 
1985 (both in Exhibit C), compared bright fluorescent light treatments of 2500 lux 
against dim fluorescent light treatment conditions using less than 300 lux, all 
administered using fluorescent light boxes, and showed that bright light offered a 
marked therapeutic effect while the dim light treatments did not. As a final 
example, in a study by Brainard etal., (1990) Effects of different wavelengths in 
seasonal affective disorder. J Affect Disord 20:209-216 (Exhibit D), blue 
fluorescent light was used for light therapy. This study found that the blue 
fluorescent light source did not produce a phototherapeutic effect greater than 
placebo, while in Brainard's study of Exhibit A, a response over control was 
observed using a xenon arc lamp and monochromator to produce a blue light. 
Clearly, the light therapy results from one type of light cannot be applied to 
another type of light; 

I regularly state preferences for one type of light over another, as noted in 
Clinical Guidelines for the Treatment of Seasonal Affective Disorder, Clinical and 
Academic Publishing, 1999 page 66-67 (Exhibit E). My opinion here does not 
differ from those published recommendations. In my opinion the results taught 
by Brainard etal., 2001 cannot be applied to a device using an LED-based light 
source, even if such device was adapted to emit light in a similar range of 
wavelengths as disclosed by Brainard etal., 2001; 
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Skepticism and Unexpected Results 

In the fall of 2003, when considering the Litebook light therapy device 
being introduced at that time, I did not believe that the device would offer any 
therapeutic effect. In particular, the Litebook light therapy device did not contain 
fluorescent lights and it did not emit light intensities greater than 2500 lux, both of 
which were commonly believed to be required for effective light therapy, as set 
out in my previous reviews such as that of Exhibit E; 

Recently, however, a study has been conducted to determine the efficacy 
of the Litebook light therapy device, as reported in Desan et al. (2007) A 
controlled trial of the Litebook light-emitting diode (LED) light therapy device for 
treatment of Seasonal Affective Disorder (SAD). BMC Psychiatry. 7:38, a copy of 
which is attached hereto as Exhibit F. This study reviewed the efficacy of 
Litebook's LED light therapy device in the treatment of SAD by testing in a 
randomized, double-blind, placebo-controlled, multi-center procedure. The study 
can be summarized as follows: 

Participants aged 18 to 65 with SAD were seen at Baseline and 
Randomization visits separated by 1 week, and after 1, 2, 3 and 4 weeks 
of treatment. Hamilton Depression Rating Scale scores (SIGH-SAD) were 
obtained at each visit. Participants with SIGH-SAD of 20 or greater at 
Baseline and Randomization visits were randomized to active or control 
treatment; exposure to the Litebook LED treatment device (active device) 
which delivers 1 ,350 lux white light (with spectral emission peaks at 464 
nm and 564 nm) at a distance of 20 inches or to an inactivated negative 
ion generator (control device) at a distance of 20 inches, for 30 minutes a 
day upon awakening and prior to 8 a.m. 

Of the 26 participants randomized, 23 completed the trial. Mean 
group SIGH-SAD scores did not differ significantly at randomization. At 
trial end, the proportions of participants in remission (SIGH-SAD less than 
9) were significantly greater (Fisher's exact test), and SIGH-SAD scores, 
as percent individual score at randomization were significantly lower (t- 
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test), with active treatment than with control, both in an intent-to-treat 
analysis and an observed cases analysis. A longitudinal repeated 
measures ANOVA analysis of SIGH-SAD scores also indicated a 
significant interaction of time and treatment, showing superiority of the 
Litebook LED treatment device over the placebo condition. 

While further studies should be conducted to confirm these results, it is my 
opinion now that, although I did not believe that the Litebook LED treatment 
device would be therapeutic, surprisingly the results of this pilot study 
demonstrate to me that the Litebook LED treatment device is an effective light 
therapy device; 

The undersigned declares further that all statements made herein of his 
own knowledge are true and that all statements made on information and belief 
are believed to be true; and further that these statements were made with the 
knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of the 
application or any patents issuing thereon; 

Further declarant saith not. 
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Action Spectrum for Melatonin Regulation in Humans: Evidence for 
a Novel Circadian Photoreceptor 

George C. Brainard, 1 John P. Hanlfin, 1 Jeffrey M. Greeson, 1 Brenda Byrne, 1 Gena Glickman, 1 
Edward Gerner, 1 and Mark D. Rollag 2 

^Department of Neurology, Thomas Jefferson University, Philadelphia, Pennsylvania 19107, and 'Department of Anatomy, 
Physiology and Genetics, Uniformed Services University of Health Sciences, Bethesda, Maryland 208 14 



The photoplgment in the human eye that transduces light for 
circadian and neuroendocrine regulation, is unknown. The aim 
of this study was to establish an action spectrum for light- 
induced melatonin suppression that could help elucidate the 
ocular photoreceptor system for regulating the human pineal 
gland. Subjects (37 females, 35 males, mean age of 24.5 ± 0.3 
years) were healthy and had normal color vision. Full-field, 
monochromatic light exposures took place between 2:00 and 
3:30 A.M. while subjects' pupils were dilated. Blood samples 
collected before and after light exposures were quantified for 
melatonin. Each subject was tested with at least seven different 
irradiances of one wavelength with a minimum of 1 week 
between each nighttime exposure. Nighttime melatonin sup- 
pression tests (n = 627) were completed with wavelengths from 
420 to 600 nm. The data were fit to eight univariant, sigmoidal 



Light is the primary stimulus for regulating circadian rhythms, 
seasonal cycles, and neuroendocrine responses in many species, 
including humans (Klein et a]., 1991; Wehr, 1991). Furthermore, 
clinical studies have demonstrated that light therapy is effective 
for treating selected affective disorders, sleep problems, and 
circadian disruptions (Wetterberg, 1993; Lam, 1998). Currently, 
the ocular photoreceptors that transduce light stimuli for circa- 
dian regulation and the clinical benefits of light therapy are 
unknown. 

The retinohypothalamic tract, a distinct neural pathway that 
mediates circadian regulation by light, projects from the retina to 
the suprachiasmatic nuclei (SCN) (Moore, 1983). A neural path- 
way extends from the SCN to the pineal gland (Klein et al., 1991; 
Morin, 1994). By this pathway, light and dark cycles are perceived 
through the mammalian eyes, entrain SCN neural activity, and, in 
turn, entrain the rhythmic secretion of melatonin from the pineal 
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fluence-response curves (ft 2 = 0.81-0.95). The action spec- 
trum constructed from these data fit an opsin template (ft 2 = 
0.91), which identifies 446-477 nm as the most potent wave- 
length region providing circadian input for regulating melatonin 
secretion. The results suggest that, in humans, a single pho- 
topigment may be primarily responsible for melatonin suppres- 
sion, and its peak absorbance appears to be distinct from that 
of rod and cone cell photopigments for vision. The data also 
suggest that this new photopigment is retinaldehyde based. 
These findings suggest that there is a novel opsin photopig- 
ment in the human eye that mediates circadian photoreception. 

Key words: melatonin; action spectrum; circadian; wave- 
length; light; pineal gland; neuroendocrine; photoreception; 
photopigment; human 



gland. In virtually all species, melatonin secretion is high during 
the night and low during the day (Reiter, 1991; Arendt, 1998). In 
addition to entraining pineal rhythms, light exposure can acutely 
suppress melatonin secretion (Rollag and Niswender, 1976; Lewy 
et al., 1980). Acute, light-induced melatonin suppression is a 
broadly used indicator for photic input to the SCN, which has 
been used to elucidate the ocular and neural physiology for 
circadian regulation (Klein et al., 1991; Brainard et al., 1997). 

Studies using rodents with retinal degeneration suggest that 
neither the rods nor cones used for vision participate in light- 
induced melatonin suppression, circadian phase shifts, or photo- 
periodic responses (Pevet et al., 1984; Webb et al., 1985; Foster et 
al., 1991). Furthermore, enucleation of rodless, coneless trans- 
genic mice abolishes light-induced circadian phase shifts and 
melatonin suppression (Lucas and Foster, 1999; Frccdman et al. : . 
1999). Similarly, light-induced melatonin suppression and circa- 
dian entrainment have been demonstrated in humans with com- 
plete visual blindness (Czeisler et al., 1995) and with specific 
color vision deficiencies (Ruberg et al., 1996). Together, these 
studies on different forms of visual blindness suggest that mela- 
tonin regulation is controlled, at least in part, by photoreceptors 
that differ from the known photoreceptors for vision. 

A recent study has shown that monochromatic light at 505 nm 
is approximately four times stronger than 555 nm in suppressing 
melatonin in healthy humans (Brainard et al., 2001). Those re- 
sults confirmed that ihe ocular photoreceptor primarily respon- 
sible for pineal melatonin regulation in humans is not the three 
cone system that mediates photopic vision. The new data re- 
ported here extend this work by forming an action spectrum from 
fluence-response curves at multiple visible wavelengths. 
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Developing an action spectrum is a fundamental means for 
determining the input physiology for the circadian system. This 
photobiological technique has high utility for (]) defining the 
relative effectiveness of photons at different wavelengths for elic- 
iting a biological response and (2) identifying the specific pho- 
topigment involved in that response (Lipson, 1994; Coohill, 
1999). The specific aim of the present study was to characterize 
the wavelength sensitivity of the photoreceptor system responsi- 
ble for providing circadian input to the human pineal gland by 
establishing an action spectrum for light-induced melatonin sup- 
pression. The experiments defined an action spectrum that fits a 
rctinaldehyde opsin template and identified 446-477 nm as the 
most potent wavelength region for regulating melatonin. Univa- 
riance among the eight fiuence-response curves suggests that a 
single photopigmcnt is primarily responsible for melatonin sup- 
pression. These results suggest that there is a novel photopigment 
in the human eye that mediates circadian photoreception. 

Preliminary reports of this work have been presented previ- 
ously (Brainard et al., 1999b-e, 2000b). 

MATERIALS AND METHODS 

Study design. Action spectra are determined by comparing the number of 
photons required for the same biological effect at different wavelengths 
(Lipson, 1994; Coohill, 1999). The melatonin suppression action spec- 
trum described bere was formed from fluencc-response curves at eight 
wavelengths between 440 and 600 nm. A within-subjects design was used 
for each fluence-response curve. For each wavelength studied, a set of 
eight volunteers was exposed to a minimum of eight different light 
irradianccs on separate nights with at least 6 d between exposures. At the 
completion of that work, it was determined that a probe of sensitivity to 
monochromatic light below 440 nm was needed. Consequently, a group 
of eight subjects was exposed to a single night of no light exposure and a 
single night of exposure to one irradiance of 420 nm light. 

Subjects. Volunteers who were involved in shift work, planned long- 
distance jet travel before or during the study period, or had irregular 
sleeping schedules were excluded from this study. The subject drop-out 
rate was 7.9%. The ethnic distribution of the 72 subjects who completed 
this study included 55 Caucasians, 9 Asians, 4 African Americans, 3 
Hispanics, and 1 individual of unknown ethnicity. Subjects who had a 
relatively stable daily sleeping pattern, passed a physical exam for general 
and ocular health, and signed an approved Institutional Review Board 
consent document were accepted into this study. A total of 37 females 
and 35 males between 18 and 30 years old (mean ± SEM age, 24.5 ± 0.3) 
completed the study. The self-reported mean ± SEM weekday wake-up 
time among subjects was 7:06 A.M. ± 18 min. All subjects were normal 
on the Ishihara and Farnsworth Munsell D-100 tests for color vision 
(mean ± SEM Farnsworth Munsell score. 51.4 ± 4 J). 

Light exposure protocol. Each experiment began at midnight when 
subjects entered a dimly lit room (10 lux or less). One drop of 0.5% 
cyclopentolatc HC1 was placed in each eye to dilate the subjects' pupils, 
and blindfolds were placed over their eyes. Subjects remained sitting' 
upright for 120 min and listened to music on headphones or engaged in 
quiet conversation. While still blindfolded and just before 2:00 A.M., a 10 
ml blood sample was taken by venipuncture of the antecubital vein. 
Subjects' blindfolds were then removed, and (he subjects were exposed to 
the monochromatic light stimulus from 2:00 to 3:30 A.M. During light 
exposure, each subject's head tested in an ophthalmologic head holder 
facing a ganzfeld apparatus that provided a concave, patternless reflect- 
ing surface encompassing each subject's entire visual field (Fig. 1). 
During this 90 min exposure, subjects sat quietly, kept their eyes open, 
and gazed at a fixed target dot in the center of the ganzfeld dome. Subject 
compliance for keeping their eyes open and the subjects' pupil size were 
monitored by a miniature video camera inside the ganzfeld dome. If the 
subjects began to close their eyes during the exposure period, the 
experimenters reminded them to keep their eyes completely open. At 
3-30 A.M., a second 10 ml blood sample was taken by venipuncture, and 
the subjects were then permitted to leave the laboratory. Eight wave- 
lengths were studied for this action spectrum (440, 460, 480, 505, 530, 
555, 575, and 600 nm). Across these wavelengths, each subject was 
exposed to complete darkness from 2:00 to 3:30 A.M. on their control 
night and to a set of irradiances covering a 4 log unit photon density 




Figure 1. This diagram illustrates the experimental electronic, optic, and 
ganzfeld dome exposure array. This apparatus provides a uniform, pat- 
ternless stimulus that encompasses the subject's entire visual field For 
clarity, the subject's head is shown slightly withdrawn from the opening of 
the ganzfeld dome. During all light exposures, the subjects' bony orbits 
are completely enclosed in the dome walls, providing complete exposure 
of their visual fields. r 



range of 10 ,u to 10 photons/cm 2 on exposure nights. For the probe of 
sensitivity to monochromatic light at 420 nm, a group of eight subjects 
was exposed to a single night of no light exposure and a single night of 
exposure to 420 nm light at 31.8 M W/cm 2 (5.58 X 10" photons/cm 2 ). 

Light production and measurement. As shown in Figure 1, experimental 
light stimuli were produced by a 450 or 1200 W xenon arc lamp (Photon 
Technology Inc., Princeton, NJ). Each lamp was enclosed in a light-proof 
chamber and cooled by water circulation. An exit beam of light from each 
source was directed by a parabolic reflector, and, for the 1200 W lamps, 
excess heat in the light beam was reduced by a water filter. Monochro- 
matic wavelengths (10-14.5 nm half-peak bandwidths) were produced by 
a grating monochromator, and light irradiance was controlled by a 
manual diaphragm. The resulting light beam was directed into the top 
area of a ganzfeld apparatus and reflected evenly off the walls of the 
ganzfeld dome into volunteers' eyes. The entire reflecting surface of the 
dome was coated with a while material (Spectralite) with a 95-99% 
reflectance efficiency over the 400-760 nm range. Routine measurement 
of the light irradiance (in microwatts per square centimeter) was done 
with a Tektronix J16 Radiometer/Photometer with a J6512 irradiance 
probe (Tektronix, Beavenon, OR). Experimental light stimuli reflected 
from the ganzfeld dome were measured at volunteers' eye level immedi- 
ately before and after the 90 min exposure. Additional measures were 
taken each 0.5 hr of the exposure to ensure stimulus stability and enable 
readjustment of the intensity if it varied. These spot measures were taken 
with an ft-r meter (Minolta, Osaka, Japan). Spectroradiometric assess- 
ment of the monochromatic wavelengths at the level of subjects' corneas 
was done with a portable spectroradiomeler with a fiber optic sensor 
(mode) S2000; Ocean Optics, Duncdin, FL). This equipment was cali- 
brated with a standard lamp traceable to the National Institute of 
Standards and Technology. 

In action spectroscopy, it is critical that the measured light stimuli are 
representative of the stimuli that actually reach the photoreceptors that 
mediate the photobiologicai response. In studies on light regulation of 
the circadian system, factors that can modify the measured stimulus 
before it reaches the photoreceptors include head and eye motion, 
squinting and eye closure, pupillary reflexes, and light transmission 
through the ocular media (Gaddy et al., 1993; Brainard et al., 1997). Most 
of these factors are controlled in the experimental technique described 
above. Concerning light transmission through ocular media, the cornea 
and aqueous and vitreous humors normally transmit nearly 100% of 
visible wavelengths to the retina and do not change substantively as the 
eyes age (Boeftner and Wolter, 1962). In contrast, the aging human lens 
develops pigmentation that attenuates the transmission of shorter visible 
wavelengths to the retina (Lerman, 1987; Brainard et al., 1997). In the 
present study, restricting the age of volunteers to 18-30 years controlled 
this factor. Measurements of mean transmittance of 36 postmortem 
human lenses in this age range showed relatively even transmission from 
440 to 600 nm. In contrast, there was a mean 45% reduction in lens 
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tram ion at 420 nm compared with 460 nm (Brainard et al., 1997). 
Consequently, measured corneal light irradianccs at 420 nm had to be 
adjusted to compensate for reduced stimulus transmission to the retina 
even in this relatively young study group. 

Blood samples and melatonin assay. Blood samples were collected in 
glass vacutainers that contained EDTA. Plasma was separated by refrig- 
erated centrifugation, aliquoted into cryogenic vials, and stored at -20°C 
until assay. Melatonin concentrations were assayed by radioimmunoassay 
using antiserum described by Rollag and Niswender (1976). Radiola- 
beled ligand was, prepared by adding 10 u.1 of a dioxane solution contain- 
ing 1 ujnol of 5-melhoxytryptamine and 1 jimol of tri-W-butylamine to 
250 fid (0.1 nmol) dried Bolton-Hunter Reagent (NEN, Boston, MA). 
The reaction was allowed to proceed for 1 hr before adding 50 /J of 
aqueous sucrose (16 gm/ml electrophoresis buffer) and purifying product 
by disc gel electrophoresis. Duplicate aliquots of 200 ui of each unknown 
and control sample were extracted into 2 ml of chloroform. The chloro- 
form was removed in a SpeedVac centrifuge (Savant Instruments, Hol- 
brook, NY) and resuspended in 200 ul of assay buffer (PBS, pH 7.4, 
containing 0.1% gelatin with 100 mg/1 thimerosa) as a preservative). The 
extracts were washed twice with 3 ml of petroleum ether and then 
evaporated to dryness in a SpeedVac before being resuspended in 200 pi 
of deionized water. Approximately 50,000 cpm of radiolabeled ligand 
and a 1:256,000 dilution of antiserum (R1055; bleeding date of 9/16/74) 
was added to each unknown and a triplicate twofold geometric series of 
standards ranging in concentration from 0.201 to 200 pg per 200 pi of 
assay buffer. The final assay volume of buffer in each tube was 400 u.1. At 
the end of the 48 hr incubation period, 3 ml of 95% cthanol (4°C) was 
added to each assay tube, and the bound radioactivity was precipitated by 
centrifugation at 2000 X g for 30 min. The supernatant was decanted, and 
radioactivity in the precipitate was quantified. The quantity of melatonin 
immunoreactivity in the samples was calculated with the use of a com- 
puter program (M. 1_ Jaffe and Associates, Silver Spring, MD) (Davis et 
al., 1980). All solutions were maintained at 4°C throughout the radioim- 
munoassay procedure. Assay results were not corrected for recovery 
(which has proven to be >95% in independent trials). The minimum 
detection limit of the assay is 0.5-2.0 pg/ml. 

Statistics. Two-tailed, paired Student's t tests were used to assess 
statistical significance of raw melatonin change from 2:00 to 3:30 A.M. 
Percent melatonin change scores were determined by the following 
formula: 

percent melatonin change score = 

03 JO hr melatonin - 02:00 hr melatonin 
100 * 02:00 hr melatonin ' 

Percent melatonin change scores then were normalized to percent 
control-adjusted change scores by subtracting the control (no light) 
condition percent change scores for each subject from that same subject's 
light exposure score. This technique accounts for the normal individual 
rise or fall in plasma melatonin levels with respect to the light-induced 
changes (Gaddy et al., 1993; Brainard el al., 1997). For data from each 
wavelength, complete sets of preexposure melatonin values, percent 
melatonin change scores, and percent control-adjusted melatonin change 
scores were analyzed with one-way, repeated-measures ANOVA. Signif- 
icant differences between groups were assessed with post hoc Schefle F 
tests with a set aj.p.05. The group of single fluence-response curves (one 
for each wavelength) was fitted to a parametric model in which the 
melatonin response < \Y) to a photon dose (X) is predicted by the follow- 
ing: the theoretical initial y-response (0 dose) for the curve (A,); the 
theoretical final y-responsc ("infinite" dose) for the curve (Aj); the dose 
producing a response halfway between A, and A 2 (X„, or ED 3n ); and the 
slope eslimator (p) for the slope of the curve between A, and A 2 . The 
equation is as follows: 

Aj-A 2 

The computer program Origin 6.0 (Microcal, Northampton, MA) was 
used to fit the fluence-response curves to the data. From extensive 
experience in our laboratory, a saturating 90 min light exposure produces 
a maximum mean percent control-adjusted plasma melatonin suppres- 
sion ranging from 60 to 80% depending on the particular group of 
subjects being tested (Gaddy et a!., 1993; Ruberg el al., 1996; Wang et al., 
1999; Brainard et al., 2000a, 2001). To form an analytical action spec- 
trum, it is necessary to determine whether all fluence-response curves 



can be fit to a univariate sigmoidal curve (Coohill, 1991; Lipson, 1994, 
1999). To do this, sigmoid curves were fitted to the five fluence-response 
curves between 440 and 530 nm, which reached a mean percent control- 
adjusted melatonin suppression of 60-80% by constraining the A, factor 
(theoretical initial V-responsc) to 0 because no light exposure should 
yield a 0% control-adjusted plasma melatonin suppression. From this set 
of curves, a mean A 2 (theoretical final y-response or "infinite" dose for 
the curve) and a mean p (slope estimator) was calculated. Subsequently, 
al! eight data sets (including the data sets that did not reach saturation) 
were then filled to sigmoid curves thai constrained A 2 and p to these 
means and constrained A, to 0. Each calculated cuTve was tested for 
goodness-of-fi! of the data by coefficient of correlation. 

Melatonin action spectrum. This action spectrum was formed from the 
photon density, which elicited the half-saturation constant (EDj,,) of the 
percent control-adjusted melatonin suppression for each of the eight wave- 
lengths. These half-saturation constants were derived from the eight uni- 
variant fluence-response curves described above. The half-saturation con- 
stants were then normalized to the maximum response and plotted as 
relative sensitivity. The relative quantum sensitivity from each group of 
subjects was then graphically plotted (quanta/wavelength) to illustrate 
the resultant action spectra for melatonin suppression in humans. A 
predicted peak sensitivity for this action spectrum was determined by 
fitting a vitamin A,-rctinaldehyde photopigment template to the data by 
a modification of the method described by MacNichol et aL (1983). 
Specifically, the long wavelength limb of vitamin A,-based photopig- 
mcnts can be considered linear within the 10-90% sensitivity range when 
plotted on a frequency abscissa. To select the best fit vitamin A, tem- 
plate, the normalized 10-90% long wavelength melatonin EDjo data 
were fitted to a scries of vitamin A,-bascd templates -within the 10-90% 
sensitivity range of the long-wavelength limbs of the templates (Partridge 
and De Grip, 1991). Pearson correlation coefficients derived from fitting 
the melatonin data to the templates indicated the optimum fitting 

RESULTS 

Variations in pupillary dilation, exposure time, and 
melatonin assay 

Individuals vary slightly in their pupil size and response to myd- 
riatic agents. Mean ± SD pupillary dilation was 7.19 ± 0.88 mm 
for all 72 subjects across all nights of exposures. There were no 
significant pupil size changes during the light exposures. Simi- 
larly, there is a small degree of variability in exact light exposure 
durations attributable to slight experimental delays. Across 627 
single-subject experiments, the mean ± SD exposure duration 
was 90.6 ± 2.1 min. A total of 53 assays were run to quantify 
melatonin in plasma samples collected during this project. Coef- 
ficients of variation calculated from control samples assayed as 
19.2 and 90.0 pg/ml had 10.8 and 4.0% for intra-assay coefficients 
of variation, respectively. The inter-assay coefficients of variation 
were 13 J and 10.2%. 
Fluence-response data at 460 nm 

Given that the predicted peak of the final action spectrum is 464 
nm, the full data complement, from raw melatonin values to a 
final fluence-response curve for the nearby monochromatic stim- 
ulus at 460 nm, is illustrated in Figure 2. This fluence-response 
study at 460 nm was done with eight subjects (four males and four 
females). Across these subjects on all nights of testing, there were 
no significant differences (F = 0.70; p = 0.69) between sets of 
preexposure values, indicating that baseline nocturnal melatonin 
levels were consistent across the different nights of study. The top 
graph in Figure 2 shows the mean + SEM preexposure and 
postexposure (2:00-3:30 A.M.) melatonin values (mean range, 
72.1-293 pg/ml). At 460 nm, exposure to irradiances of 2.3 
jiW/cm 2 and lower did not significantly suppress plasma melato- 
nin. In contrast, exposures of 3.1 /iW/cm 2 and higher elicited 
significant melatonin suppressions (p < 0.03 or less). 

For comparative purposes, all melatonin data were converted 
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Figure 2 In the top two graphs, the bars represent group mean + SEM 
values of plasma melatonin relative to 460 nm monochromatic light 
exposure at different irradianccs in one group of eight healthy subjects. 
The top shows plasma melatonin values before and after light exposure. 
There were no significant differences (F = 0.70; p = 0.69) across preex- 
posure mean melatonin values. Light irradiances at or above 3.1 )iW/cm 2 
elicited significant melatonin suppression. The middle illustrates the sub- 
jects' plasma melatonin percent control-adjusted change scores. Progres- 
sively higher irradiance exposures at 460 nm produce progressively 
greater plasma melatonin percent control-adjusted change scores (p < 
0.0001). The bottom demonstrates the best-fit fiuence-response curve for 
460 nm exposures and percent control-adjusted melatonin suppression 
(R 2 = 0.97). Each data point represents one group mean ± SEM. 

to plasma melatonin percent control-adjusted change scores. As 
illustrated in the middle graph of Figure 2, one-way, repeated- 
measures ANOVA showed a significant effect of light intensity on 
plasma melatonin percent control-adjusted change" scores (F = 
14.92; p < 0.0001). Post hoc tests on plasma melatonin percent 
control-adjusted scores demonstrated that all intensities at or 
above 3.1 fiW/cm 2 significantly suppressed melatonin more than 
the 0.012 u-W/cm 2 stimulus (p < 0.05 or less). Similarly, all 
irradiances at or above 12.1 /xW/cm 2 significantly suppressed 
melatonin more than the 1.5 ^W/cm 2 stimulus. Finally, both 24.2 
and 42.2 /tW/cm 2 exposures elicited significantly higher plasma 



melatonin percentage of control-adjusted change scores con 
pared with an irradiance of 2.3 p.W/cm 2 . 

The data from the middle graph of Figure 2 can be mathemat 
ically converted into a best-fit, sigmoidal curve that plots melatol 
nin suppression against stimulus photon density. The specific 
formula for this curve is shown below and has a 0.97 coefficient nf 
correlation^ 2 ): Cmof 

7.17 - 73.4 



' 1 + U/8.29)'- 23 + 

As shown in the bottom illustration in Figure 2, this curve illus- 
trates the fiuence-response interaction between mean ± SEM 
melatonin percent control-adjusted change scores and the photon 
density of the monochromatic light. 

Fiuence-response data for all eight wavelengths 

As shown in Figure 2, there is a clear, fiuence-response relation- 
ship between graded photon densities of monochromatic 460 nm 
light and melatonin suppression. Data from each of the eight 
wavelengths tested in this study fit four-parameter sigmoidal 
curves with high coefficients of correlation. Specifically wave- 
lengths at 440, 460, 480, 505, 530, 555, 575, and 600 nm had 
respective coefficients of correlation (/? 2 ): 0.99, 0.97 0 95 0 97 
0.98, 0.92, 0.96, and 0.97. As described in Materials and Methods! 
to form an analytical action spectrum, all fluence-response curves 
must be fit to a univariant sigmoidal curve (Lipson, 1994; Coohill, 
1999). The univariant curve model for the data in this study has 
the factors of A, = 0, A 2 = 66.9, &Mp = 1.27. Figure 3 illustrates 
all eight univariant fluence-response curves from this study. As 
with previous circadian analytical action spectra (Takahashi et al, 
1984; Provencio and Foster, 1995; Yoshimura and Ebihara, 1996)! 
full-range fluence-response curves were not elicited above 550 
nm. Despite this, standard photobiological curve-fitting methods 
could be used to fit the data from all eight wavelengths in the 
present study to univariant, sigmoidal functions. When fit to a 
univariant fluence-response curve with these factors, the data 
from exposures to 440, 460, 480, 505, 530, 555, 575, and 600 nm 
have high coefficients of correlation of 0.91, 0.95, 0 93 0 94 0 92 
0.90, 0.95, and 0.81, respectively. 

Melatonin suppression response to 420 nm at a 
single intensity 

Given the high sensitivity of subjects to short-wavelength light, as 
shown in Figure 4, it was determined that a probe of sensitivity to 
monochromatic light below 440 nm was needed. On the control 
night when the eight volunteers were exposed to darkness only, 
their raw mean melatonin levels al 2:00 and 3:30 A.M. were 69.4 
and 76.0 pg/ml, respectively. That small increase was not statis- 
tically significant (t = -1.15; p = 0.29). As shown in Figure 4, 
when these volunteers were exposed to 420 nm light at 31.8 
u.W/cm 2 (5.58 x 10 13 photons/cm 2 ), raw mean melatonin levels 
at 2:00 and 3:30 A.M. were 76.4 and 47.6 pg/ml, respectively. That 
decrease in melatonin was statistically significant (/ = 4.67; p < 
0.003). For comparative purposes, this single melatonin suppres- 
sion response was fitted to the univariant fiuence-response curve 
formula used for all of the data in Figure 3. The resulting curve 
estimated a half-maximum (X 50 or ED^) melatonin suppression 
response for 420 nm of 1.83 X 10" photons/cm 2 . 
Action spectrum for melatonin suppression 
Action spectra are determined by comparing the number of 
photons required for the same biological effect at different wave- 
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Figure 3. This figure illustrates the fitted univariant fluence-response 
curves for monochromatic light exposures and percent control-adjusted 
melatonin suppression for eight wavelengths of visible light. Each flu- 
ence-response curve is derived from eight healthy volunteers who par- 
ticipated in a complete, within-subjects experimental design. In each 
graph, the data points represent group means i SEM. Each curve has a 
high coefficient of correlation (0.95-0.81). 

lengths (Smith, 1989; Coohill, 1999). For this experiment, the 
action spectrum was formed from the photon density that elicited 
the half-saturation constant (X 50 or ED^) of the percent control- 
adjusted melatonin suppression for each of the eight wavelengths. 
The half-saturation constants were derived from the eight univa- 
riant fluence-response curves shown in Figure 3 and the one 
estimated half-saturation constant from the data shown in Figure 
4. The relative quantum sensitivity from each group of subjects 
was plotted in Figure 5 (quanta/wavelength) to illustrate the 
resultant action spectra for human melatonin suppression. When 
the .data were aligned to the best-fit template for vitamin Aj- 
retinaidehyde photopigments, this action spectrum predicted a 
peak spectral sensitivity (A m0J ) of 464 nm. There was a strong 
coefficient of correlation between the data and this fitted opsin 
nomogram (R 2 = 0.91). 
Comparison of action spectra 

The action spectrum for the photoreceptor system that provides 
input to the pineal gland appears to be distinct from the action 
spectra for the classical human visual photoreceptor systems. To 
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Figure 4. In this graph, the bars represent group mean ± SEM plasma 
melatonin values before and after exposure to 31.8 u.W/cm 2 monochro- 
matic light at 420 nm in eight healthy subjects. This light irradiance 
induced a significant melatonin suppression (p < 0.003). 
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Figure 5. This graph demonstrates the action spectrum for percent 
control-adjusted melatonin suppression in 72 healthy human subjects. The 
filled circles represent the half-saturation constants of eight wavelengths 
from 440 to 600 nm that were normalized to the maximum response and 
plotted as log relative sensitivity. The open circle represents the estimated 
half-saturation constant derived from the 420 nm data. The solid curve 
portrays the best-fit template for vitamin A, retinaldehyde photopigments, 
which predicts a maximal spectral absorbancc (A„J of 464 nm (Partridge 
and De Grip, 1991). There is a high coefficient of correlation for fitting this 
opsin template to the melatonin suppression data (R 2 = 0.91). 

illustrate this, the maximal spectra] absorbencies and long wave- 
length limbs of the human rod and cone photoreceptors that 
support vision (Stockman and Sharpe, 1999) are illustrated in 
Figure 6, along with the maximal spectral absorbance and long 
wavelength limb of the melatonin action spectrum. The shaded 
area around the melatonin action spectrum illustrates ±SD for 
this function. 

DISCUSSION 

The action spectrum presented here is based on univariant flu- 
ence-response curves for melatonin suppression by eight mono- 
chromatic light wavelengths in healthy subjects. These data fit a 
vitamin A, opsin template with 446-477 nm, providing the stron- 
gest circadian input for melatonin regulation. These results sug- 
gest that a novel photopigment in the human eye may be primar- 
ily responsible for melatonin regulation and may be distinct from 
the individual rod and cone photoreceptors for vision. 

In developing a fluence-response curve, a complete within- 
subjects experimental design produces the most reliable results. 
When subjects are studied over a 2-4 month period, however, 
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Figure 6. This figure illustrates a comparison of the melatonin suppres- 
sion and visual aclion spectra. The maximal spectral response and long 
wavelength Jimb of the melatonin suppression template is plotted along 
with the maximal spectral response and long wavelength limbs of the 
human rods and cones that support vision (Stockman and Sharpe, 1999). 
The shaded area around the 464 nm template represents ±SD from the 
data presented above- 



lack of stability in the subjects' circadian entrainment can intro- 
duce variability in light-induced melatonin suppression. This 
study accepted only volunteers who reported regular bed and 
wake times, and their melatonin rhythms appeared to have been 
stable during the course of the study. As shown in the 2:00 A.M. 
melatonin values (Fig. 2, top), there were no significant differ- 
ences between sets of preexposure values, indicating that baseline 
melatonin levels were consistent across the different study nights. 
This phenomenon has been documented for the 505 nm fluence - 
response group, as well as in other similarly controlled studies 
(Brainard et al., 1997, 2000a, 2001; Wang et a]., 1998). This 
within-subject stability of the melatonin rhythm over time has 
been confirmed frequently in the literature (Waldhauser and 
Dietzel, 1985; Arendt, 1988, 1998). 

The data from each of the eight wavelengths between 440 and 
600 nm fit a univariant four-parameter sigmoidal curve with a 
high coefficient of correlation. The univariance of these curves is 
consistent with, but does not prove, the hypothesis that melatonin 
suppression is modulated by a single photoreceptor type. At this 
time, it is not certain that there is a univariant fluence -response 
function at 420 nm because only one intensity has been tested. It 
will be important to lest for a full fiuence-response curve at 420 
nm to (1) clarify the precise sensitivity of the melatonin system to 
this wavelength and (2) determine if this wavelength is univariant 
with the fiuence-response curves of the other eight wavelengths. 
Previous studies with animals and bumans have illustrated similar 
fluence -response relationships for melatonin suppression and 
other circadian responses with monochromatic and broad- 
spectrum light (Brainard et al., 1983, 1988; Podolin et al., 1987; 
Mclntyre et al., 1989; Nelson and Takahashi, 1991; Dkhissi- 
Benyahya et al., 2000; Zeilzer et al., 2000). The initial attempts to 
define circadian and neuroendocrine responses to photons of 
different wavelengths began with polychromatic action spectra, 
which tested single irradiances of broader light bandwidths in 
various rodent species. These polychromatic action spectra were 
reasonably consistent in indicating that the spectral region be- 
tween 450 and 550 nm provides the strongest stimulation of 
circadian and neuroendocrine responses in rodents (for review, 
see Brainard et al., 1999a). Analytic action spectra, based on sets 
of fiuence-response curves at different monochromatic wave- 



lengths, are superior for identifying photoreceptors that mediate 
photobiological responses (Lipson, 1994; Coohill, 1999). 

There are four analytic action spectra for circadian and neu- 
roendocrine regulation in hamsters, rats, and mice (Takahashi et 
al, 1984; Bronstein et al., 1987; Provencio and Foster, 1995; 
Yoshimura and Ebihara, 1996). Data from these action spectra 
have been fitted to spectral sensitivity curves for retinal-based 
visual photopigments. This curve fitting is predicated on the 
assumption that a retinal-based molecule transduces light stimuli 
for circadian regulation and allows the prediction of the shape of 
the photopigment absorption spectrum, as well as its peak sensi- 
tivi, y Across these studies, which used different circadian 

endpoints, the predicted A m „ ranges from 480 to 511 nm and is 
surrounded by a broad region of high sensitivity. From these 
results, different photopigments have been suggested to be re- 
sponsible for circadian regulation, including rhodopsin, a 
rhodopsin-Iike molecule, a middle wavelength cone photopig- 
ment, or an ultraviolet cone photopigment. 

It is commonly believed that the photopic visual system has a 
peak wavelength sensitivity of -555 nm (Rodieck, 1998). Many 
investigators have hypothesized that the photopic visual system 
mediates circadian and neuroendocrine responses, because this 
part of the visual system is responsive to "bright" daytime levels 
of illumination. Previous data (Brainard et al., 2001) and those 
presented above do not support this hypothesis. The results 
clearly demonstrate that 555 nm is significantly weaker in sup- 
pressing melatonin compared with an equal photon density of 460 
nm. Thus, the photopic system is not likely to be the primary 
input for circadian regulation. Demonstrating that the photopic 
visual system is not the principal phototransducer for melatonin 
regulation does not preclude it from having any role in circadian 
input. Indeed, recent studies suggest that visual cones may be 
involved in circadian regulation. Recordings from SCN neurons 
in rats indicate that the visual rods and cones provide input to 
cells of the rat SCN (Aggelopoulos and Meissl, 2000). Similarly, 
a human phase-shifting study suggests that, under some circum- 
stances, the visual long wavelength-sensitive cone may also me- 
diate circadian vision in humans (Zeitzer et al„ 1997). 

The data presented here do not support the hypothesis that any 
of the known visual photoreceptors provide the primary input for 
melatonin regulation. Figure 6 shows that none of the action 
spectra for individual visual photoreceptor systems match the 
action spectrum for melatonin suppression. If the photoreceptors 
that mediate vision in humans are not the primary photorecep- 
tors for circadian regulation, what are the alternative candidates? 
Recent studies with various vertebrate species have identified 
several new molecules that may serve as circadian photopigments. 
These putative photopigments include both opsin-based mole- 
cules, such as vertebrate ancient opsin (Soni and Foster, 1997), 
melanopsin (Provencio et al., 1998), and pcropsin (Sun et al., 
1997), as well as non-opsin molecules, such as bilirubin (Oren, 
1996) and cryptochromc (Miyamoto and' Sancar, 1998). Among 
these new photopigments, only melanopsin has been specifically 
localized to the human neural retina (Provencio et al., 2000), and 
cryptochrome has been localized to the mouse neural retina 
(Miyamoto and Sancar, 1998). Cryptochromes have been studied 
extensively as circadian photoreceptors in plants and insects 
(Ahmad and Cashmore, 1993; Stanewsky et al., 1998) and have 
been proposed as circadian photoreceptors in mammals (Miy- 
amoto and Sancar, 1998; Thresher et al., 1998). The contention 
that cryptochromes serve as circadian photoreceptors in humans 
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or other mammals, however, remains controversial (Griffin et al., 
1999; van der Horst et al., 1999; von Schantz et al., 2000). 

The action spectrum presented here matches a vitamin A,- 
retinaldehyde photopigment template that supports the hypothe- 
sis that one of the new opsin photopigment candidates provides 
primary photic input for melatonin regulation in humans. The 
molecular identification of candidate opsin or non-opsin photo- 
receptors and their localization in the retina and/or neural com- 
ponents of the circadian system make them well suited to act as 
circadian phototransducers. However, functional data confirming 
any of these molecules as having a direct role in mammalian 
circadian photoreception is currently lacking. Furthermore, cau- 
tion should be exercised in generalizing results from plants, 
insects, fish, amphibians, and rodents to humans. 

Are the effects of light on melatonin suppression relevant to 
general circadian regulation? Studies have shown that hamsters 
have a higher intensity threshold for light-induced phase-shifts of 
wheel-running rhythms than for melatonin suppression (Nelson 
and Takahashi, 1991). Recently, however, a study on humans 
showed that the 50% response sensitivity for circadian phase 
shifting (119 lux) was only slightly higher than that for melatonin 
suppression (106 lux) with white light (Zeitzer et al., 2000). It is 
possible that there are separate photoreceptors for mediating 
circadian enlrainment versus acute suppression of melatonin. It is 
reasonable, however, to hypothesize that a variety of nonvisual 
effects of light, such as melatonin suppression, entrainment of 
circadian rhythms, and possibly some clinical responses to light, 
are mediated by a shared photoreceptor system. Additional ex- 
periments are needed to test this hypothesis. 

In general, relatively high light illuminances ranging from 2500 
to 12,000 lux are used for treating winter depression, selected 
sleep disorders, and circadian disruption (Wetterberg, 1993; Lam, 
1998). Although these light levels are therapeutically effective, 
some patients complain that they produce side effects of visual 
glare, visual fatigue, photophobia, ocular discomfort, and head- 
ache. Determining the action spectrum for circadian regulation 
may lead to improvements in light therapy. Total illuminances for 
treating a given disorder can be reduced as the wavelength 
emissions of the therapeutic equipment are optimized. 

Modern industrialized societies use light extensively in homes, 
schools, work places, and public facilities to support visual per- 
formance, visual comfort, and aesthetic appreciation within the 
environment. Given that light is also a powerful regulator of the 
human circadian system, future lighting strategies will need to 
provide illumination for human visual responses, as well as ho- 
meostatic responses. The action spectrum presented here suggests 
that there are separate photoreceptors for visual and circadian 
responses to light in humans. Hence, new approaches to archi- 
tectural lighting may be needed to optimally stimulate both the 
visual and circadian systems. 

In conclusion, this study characterizes the wavelength sensitiv- 
ity or the ocular photoreceptor system for regulating the human 
pineal gland by establishing an action spectrum for light-induced 
melatonin suppression. The results identify the 446-477 nm 
portion of the spectrum as the most potent wavelengths providing 
circadian input for regulating melatonin secretion. These data 
suggest that the primary photoreceptor system for melatonin 
suppression is distinct from the rod and cone photoreceptors for 
vision. Finally, this action spectrum suggests that there is a novel 
retinaldehyde photopigment that mediates human circadian pho- 
toreception. These findings open the door for optimizing the use 
of light in both therapeutic and architectural applications. 
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Abstract. The effectiveness of light therapy in seasonal affective disorder (SAD) 
was evaluated in 105 subjects across five centers. Three intensities of light (60 lux, 
600 lux, and 3500 lux) were used in a 2-week randomized, parallel design. There 
was no significant difference in antidepressant efficacy of the three intensities 
of light. All three intensities produced a similar frequency of antidepressant 
response to each other and to that reported in previous studies. There were site 
differences in the severity of depression during light treatment, but diagnosis and 
medication status did not affect antidepressant response. These findings suggest 
that light therapy has an antidepressant action by a nonspecific effect or that light 
is biologically active in the treatment of SAD across a wide range of intensities. 

Key Words. Depression, phototherapy, circannual rhythm. 

Seasonal affective disorder (SAD) is a recently described subtype of recurrent 
depressive disorder that is characterized by depressions with onset in the late fall or 
winter and summer remissions (Rosenthal et al., 1984, 1988). Seasonal patterns of 
affective disorder have been incorporated into the DSM-III-R (American Psychi- 
atric Association, 1987) nomenclature. A prominent feature of this disorder is that 
SAD patients have been shown to have an antidepressant response to bright artificial 
light administered in the early morning (Lewy et al., 1982; Rosenthal et al., 1984). 
Terman and colleagues (1989) recently reviewed studies of light therapy for SAD. 
They evaluated 29 studies from 14 centers involving 332 patients (Terman et al., 
1989). Across studies, in excess of 50% of patients treated with 2500 lux for 2 hours 
had clinical remission strictly defined as > 50% reduction in the score on the 
Hamilton Rating Scale for Depression (Hamilton, 1960) to a posttreatment score 
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< 8 (Terman et al., 1 989). Terman et al. (1989) also noted that bright light treatment 
with a light box, regardless of whether administered in the morning, afternoon, or 
evening, was more effective than dim light, which had a response rate of 11%. 
Furthermore, they noted that the response rate to light administered in the morning 
exceeded 50%, whereas it was approximately 10% in those receiving evening light 
(Terman et al., 1989). 

Terman and colleagues note, however, that methodological issues in the studies 
conducted to date limit definite conclusions about the efficacy of light therapy for 
SAD. First, an adequate placebo condition for trials of light therapy remains 
problematic (Terman et al., 1989; Eastman, 1990), and the placebo response rate for 
SAD, analogous to that reported in antidepressant trials in nonseasonal depression, 
remains poorly defined. In this regard, two studies have demonstrated that dim light 
of < 400 lux is associated with a much lower frequency of antidepressant response 
(Wirz-Justice et al., 1986; Isaacs et al., 1988). These studies are consistent with the 
notion that dim light below 400 lux is an inactive control and that considerably 
higher light intensity, in excess of 2000 lux administered by a light box, is required 
for optimal therapeutic effect. Second, many studies (Terman et al, 1989) have not 
allowed for an adequate assessment of atypical depressive symptoms, which are 
common in SAD. The SAD version of the Hamilton Rating Scale for Depression 
(Williams et al., 1988) provides a better means of evaluating the severity of these 
symptoms and their change with light treatment. Third, many of the studies included 
in the meta-analysis by Terman et al. (1989) involved very small numbers of subjects, 
thus limiting the statistical power of their findings. Fourth, the duration of light 
treatment varied across studies but was more commonly 1 rather than 2 weeks, 
although the longer study period would permit a more accurate assessment of 
therapeutic response (Terman et al., 1989). Last, many studies have involved 
crossover rather than parallel designs and hence may result in carry-over effects 
between the treatments being compared. 

Light therapy is usually administered by means of a light box that consists of a 
panel of fluorescent lights that produce the required intensity of light exposure at a 
specific distance from the light source. Although effective, light boxes present some 
methodological difficulties in light therapy research. For example, the light intensity 
is dependent on the distance of the patient's eye from the box. Unfortunately, it is 
difficult to standardize this distance, particularly in outpatients treated at home. A 
light visor has now been developed for light therapy that, in addition to being 
portable and convenient for the patient, provides a fixed exposure distance, thereby 
ensuring a continuous measured dose of light. 

The current study was designed to address two issues. The first was the 
methodological problems inherent in previous light box studies — namely, small 
groups of subjects, crossover designs, and lack of standardization of distance 
between light source and eye, The second was a dose-finding study to determine the 
optimal therapeutic intensity of light illuminance for the light visor. In contrast to 
studies involving the light box, preliminary data from an earlier study involving the 
light visor (Moul et al., 1990) did not demonstrate differences in response to a 
600 lux and 7000 lux light visor. In that study (Moul et al., 1990), there was no 
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difference in the efficacy of the two visors used in 55 patients with SAD at three 
centers in the United States. However, duration of treatment was not standardized. 
The current study involved the use of a third level of intensity of 60 lux to clarify the 
issue of a dose-response relationship with a standardized duration of exposure. 

Methods 

Subjects. The study group comprised 105 patients, 17 men and 88 women, with a mean age 
of 40.2 years (SD = 9.9), who fulfilled DSM-III-R (American Psychiatric Association, 1987) 
or Rosenthal's criteria (Rosenthal et al., 1984) for nonpsychotic major depression, seasonal 
subtype. They were recruited by physician or self-referral from five centers: Clarke Institute of 
Psychiatry, Toronto, Ontario; Clinical Psychobiology Branch, National Institute of Mental 
Health, Bethesda, Maryland; University Hospital and the University of British Columbia, 
Vancouver, British Columbia; McLean Hospital and Harvard Medical School, Boston, 
Massachusetts; and University of Utah, Salt Lake City, Utah. Patients were not excluded 
from the study if they were taking psychotropic medications so long as dosage had been stable 
for at least 2 weeks and there were no dose changes for the 4-week duration of the study. At 
the time of initial assessment, patients had not had light therapy for .at least 2 weeks and were 
included if their scores on the Hamilton Rating Scale for Depression-SAD Version (HRSD- 
SAD; Williams et al., 1988) were as follows: I7-item score > 14 or 17-item score > 10 if the 
total HRSD-SAO score was > 22. Potential subjects were excluded if they had any 
ophthalmological conditions that would preclude the use of bright lights or any major medical 
illness that would affect their mental state. Furthermore, patients were excluded if they had 
any additional major psychiatric disorder other than an anxiety disorder; patients with an 
anxiety disorder were included only if the anxiety disorder accompanied the seasonal, 
depression. Subjects who we're shift workers or were unable to maintain a relatively stable 
sleep-wake' pattern were also excluded. Table 1 presents the demographic and clinical features 
of participants in the study across sites. 

Procedure. The study extended over a 4-week period. During the first week, patients received 
no light treatment and were instructed to try to fall asleep no earlier than 2200 hours and to 
wake no later than 0700 hours. At- the end of the first week, the HRSD-SAD was repeated. 
Subjects who continued to meet inclusion criteria were entered in the study, whereas patients 
who had a substantial drop in their scores from initial assessment to below the inclusion 
criterion were excluded from the study. 

At this time, subjects were randomly assigned to one of three different intensities of light: 
one high intensity (approximately 3500 lux), one medium intensity (approximately 600 lux), 
and one low intensity (approximately 60 lux). The three different intensities were chosen 
because the highest has an illuminance .well in the range of previously reported active light 
treatment (Terman et al., 1989), the middle intensity because it is comparable to that 
demonstrated to be effective in an earlier light visor study (Moul et al., 1990), and the dim 
intensity because it was consistent with intensities reported to be less effective for treatment of 
SAD (Terman et al., 1989). This design was used to evaluate the possibility of a dose-response 
relationship, based on illuminance, for light therapy in SAD. Patients were informed that 
there were three intensities of light that may lead to differences in therapeutic effectiveness. 
The light was delivered by a light visor developed collaboratively by investigators at the 
National Institute of Mental Health and at Jefferson Medical College, and was manufactured 
and supplied by Bio-Brite, Inc. (Bethesda, MD). The visor consists of two incandescent light 
sources that are directed toward the upper half of the visual fields. The light emitted contains 
almost no ultraviolet rays as the visors are fitted with mylar filters. The light sources were 
powered by portable rechargeable battery packs that were charged daily by the patients to 
ensure consistent light intensities. Illuminance was measured on each visor at the beginning 
and end of treatment. The mean pretreatment intensity for the bright visor was 3524.4 lux 
(range 2800-4470 lux), that for the medium visor was 620.1 lux (range 520-762 lux), and that 
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for the dim visor was 66.6 lux (range 55-1 18 lux). The visor was assigned by someone other 
than the principal rater. Both rater and subject were unaware of visor intensity for the 
duration of the study. At the time that the visor was assigned to the study subjects, they were 
instructed in its use. The visor was placed on the subject's head and, in the absence of the rater, 
switched on for 1 minute. The patient then completed a questionnaire about his or her 
expectation about light treatment that was modeled after the questionnaire of Borkovec and 
Nau ( 1 972). The random assignment of patients to the three intensities of light visor treatment 
was stratified for medication status. 

Patients used the light therapy, which began between 0700 and 0830 hours, for V 2 hour daily 
for a period of 2 weeks. They recorded the length of time of light treatment in a daily log. 
Hours and duration of sleep and activity were also recorded on a daily basis. This was done to 
ensure within-subject consistency in the timing and duration of sleep and light treatment to 
exclude these as potential confounding variables in the evaluation of efficacy. 

The HRSD-SAD was completed by trained raters in each of the sites at weekly intervals 
before initiation of light treatment, during the 2 weeks of light therapy and 1 week after 
withdrawal of light treatment. To assess interrater reliability within and across the five centers, 
raters from each site completed the HRSD-SAD on 12 videotaped interviews according to 
specified guidelines. The intraclass correlation coefficient for all raters was 0.952. 

Patients were recruited into the study at the five centers from the last week of November, 
1990, through the final week of February, 1991. Early in January, 1991, one of the investi- 
gators (A.J.L.) and the project coordinator (M.G.M.) carried out visits to the five sites. Using 
a semistructured checklist, they evaluated each site for compliance with the protocol, 
recording of data, and the maintenance of the light visors to ensure uniformity of study 
procedures and data collection. 

Statistical Analysis. A series of repeated measures analyses of variance (ANOVAs) were 
carried but "to evaluate the effects of light treatment on depression scores. The between- 
subjects variables considered were site, diagnosis, medication status, and light intensity with 
one repeated measure (time). If the overall ANOVA was significant, then a series of one-way 
ANOVAs were performed to evaluate the effects of a particular variable on depression scores 
at each time point. 



Table 1 presents the distribution of subjects across the five sites, as well as their 
demographic and clinical features. There was no significant difference in any of these 
variables across the five sites. Of the 105 subjects who participated in the study, 33 
received treatment with a 60-lux visor, 38 with the 600-lux visor, and 34 with the 
3500-lux visor. Table 2 presents the clinical and demographic features of these three 

Table 2. Demographic and clinical features of participants in light visor 
study by intensity of visor 



Results 



60 lux 



600 lux 



3500 lux 



Age (yr)< 



Male:female 

Unipolar.-bipolar 

Medication 2 

Previous light treatment 2 



33 

39.8 (10.0) 
6:27 
30:3 

15 (45.5) 
2 (6.1) 



38 

40.6 (9.3) 



15 (39.5) 
9 (23.7) 



8:30 
38:0 



34 

40.2 (10.7) 



3:31 
30:4 



19 (55.9) 
5 (14.7) 



1. Mean values, SD in parentheses. 

2. Number, percentage in parentheses. 
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treatment groups. There was no significant difference between any of these variables 
across the three groups. 

A repeated measures ANOVA with two between-group variables (site and inten- 
sity of light) and one within-subject variable (time) for the total HRSD-SAD scores 
across the 2 weeks of light treatment revealed a main effect for site ( F= 2.76; df= 4, 
90; p < 0.05) but not for intensity of light ( F= 1 .97; df= 2;p> 0.05) or for the site 
X intensity of light interaction (F ~ 0.38; df=S;p> 0.05). With regard to the 
within-subject variable, there was a significant effect of time (F= 147.6; df- 2, 90; 
P - 0.000) but no site X time (F= 0.92; df= 8, 180; p > 0.05) or intensity X time 
(F= 0.29; df —4,18.0; p> 0.05) interaction. The finding was essentially the same if 
the HRSD-SAD scores for the withdrawal week were included in the ANOVA. 
When the ANOVA was repeated using only typical HRSD scores, there was a significant 
main effect for site (F= 4.03; df = 4, 90; p < 0.05) but not for intensity of light 
(F = 0.58; df = 2, 90; p > 0.05) or for the site X intensity of. light interaction 
(F= 0.41; df= 8, 9Q;p > 0.05). However, the ANOVA for the atypical depressive, 
symptoms revealed no significant main effect for site (F= 0.77; df= 4, 90; p > 0.05) 
or for site X intensity of light (F - 1.07; df= 8, 90; p > 0.05), but there was a 
nonsignificant trend for a main effect of intensity of light (F — 3.04; df= 2, 90; 
p = 0.053). Table 3 presents the mean total typical, and atypical depression scores 
on the HRSD-SAD across the 2 weeks of light treatment and the withdrawal week. 

Table 3. Mean depression scores with three intensities of light visor 
treatment 



Depression scores 





Baseline 


Weekl 


Week 2 


Withdrawal 


60 lux (n = 33) 










Total 1 


32.4 (6.3) .. 


• ' 18.9 (10.7) 


16.4 (10.4) 


25.8 (10.1) 


Typical 


18.9(4.4) 


11.1 (6.5) 


9.2 (5.9) 


14.9 (6.1) 


Atypical 


13.6 (4.0) 


7.8 (5.3) 


7.2 (5.5) 


11,0 (4.7) 


600 fux{n = 38) 










Total 


32.2 (6.8) 


15.7 (9.3) 


13.4 (10.0) 


18.7 (11.8) 


Typical 


18.7 (5.5) 


9.6 (6.5) 


8.1 (6.9) 


10.7 (7.3) 


Atypical 


13.5 (4.6) 


6.1 (3.9) 


5.3 (4.1) 


8.0 (5.7) 


3500 lux(n = 34) 










Total 


29.8 (5.8) 


14.9 (7.0) 


13.1 (7.8) 


22.1 (10.2) 


Typical 


17.9 (4.3) 


9.1 (5.1) 


7.9 (5.3) 


12.7 (6.7) 


Atypical 


' 11.9 (4.1) 


5.8 (3.0) 


5.1 (3.5) 


9.4 (5.2) 


1. Mean values, SD in parentheses. 



Table 4 presents the mean HRSD-SAD scores during the trial across the five sites. 
As there was a significant main effect of site on difference in the depression scores, a 
series of one-way ANOVAs were used to determine at which time points in the trial 
differences between sites were observed. The least square difference (LSD) test was 
used to test for differences between particular sites at specific time points if the 
ANOVA was significant. There was no significant difference in the mean depression 
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Table 4. Mean depression scores with light visor treatment across the five 
sites 



Site 


Baseline 


Weekl 


Week 2 


Withdrawal 


Toronto (n = 24)' 


30.6 (6.6) 


14.6 (8.2) 


11.5 (9.3) 


17.5 (13.1) 


Bethesda [n = 30) 


29.8 (4.5) 


14.7 (8.5) 


13.4 (7.9) 


21.0 (9.5) 


Salt Lake City (n = 11) 


33.9 (6.5) 


23.2 (9.6) 


21.5 (12.4) 


27.3 (12.5) 


Boston (n = 18) 


33.8 (8.3) 


15.6 (10.1) 


12.0 (8.2) 


27.7 (9.1) 


Vancouver (n = 22) 


31.7 (6.2) 


18.2 (9.1) 


16.5 (9.6) 


21.2 (9.4) 


F value 


1.63 


2.35 


2.87 


3.15 


p value 


NS ' 


0.059 


0.026 


0.018 






SLOT.Be.Bo 2 


SLOT.Be.Bo 


SLC,Bo>T 



Bo>Be 

1. Mean values. SD in parentheses. 

2. SLC = Salt Lake City; Be = Bethesda; Bo = Boston; T = Toronto. 

scores at baseline between the five sites. However, after both the first and second 
weeks of light treatment and the withdrawal week, differences were observed 
between sites (see Table 4). In particular, the mean HRSD-SAD scores were 
significantly higher at the Salt Lake City site as compared with all other centers 
except for Vancouver during the 2 weeks of light treatment. During the withdrawal 
week, both Boston and Salt Lake City had higher scores than the Toronto and 
Bethesda sites. 

As there, were significant differences in depression scores across sites, the repeated 
measures ANOVA was repeated with both intensity of light and site as between- 
group variables but using percent change in HRSD-SAD scores at week 1 and week 
2. The percent change score removes the confounding effect of differences in 
absolute mean HRSD-SAD scores between sites. When percent change scores were 
used, there was no significant main effect of site (F= 1.72; df= 4, 90; p > 0.05) or 
intensity of light ( F - 0.61; df =2,90; p> 0.05) and no site X intensity of light 
interaction (F = 0.24; df = 8, 90; p > 0.05). Fig. I shows the percent change in 
depression scores across the three light intensities. 

Fig. 1. Change (%) in HRSD-SAD scores across three light intensities 




60 LUX 600 Lux 3500 UlX 



HRSD-SAD = Hamilton Rating Scale lor Depression— Seasonal Affective Disorder Version. 
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To assess the effect of diagnosis (unipolar vs. bipolar) on response to light 
treatment, a repeated measures ANOVA with two between-group variables 
(intensity of light and diagnosis) and one within-subject variable (time) was 
performed. There was no significant effect of intensity of light (F= 2.3; df= 2, 99; 
p > 0.05) or of diagnosis (F = 0.05; df~ 1, 99; /? > 0.05) or intensity of light 
X diagnosis interaction (F- 0.08; df=l,99;p> 0.05). There was a main effect of 
time (F = 21.2; df = 2, 198; p < 0.0001) but no significant intensity X time or 
diagnosis X time interaction. To evaluate the effect of medication status on response 
to light treatment, a repeated measures ANOVA with intensity of light and the 
presence or absence of medication as between-subject variables and time as a within- 
subject variable was performed. There was no significant effect of either intensity of light 
(F= 2.66; df- 2, 98; p > 0.05) or of medication. status (F= 2.17; df= 1, 98; 
p > 0.05) or a significant interaction between these two variables (F= 0.0 1; df= 2, 98; 
p > 0.05) on depression scores. With regard to the within-subject variable, there was 
a significant effect of time ( F= 1 70.9; df= 2, 1 96; p < 0.000 1 ) but no significant intensity 
X time or medication status X time interaction. 

The frequency of response to light treatment across the three intensities, was also 
evaluated according to several definitions (see Table 5). The frequency of response to 
light treatment defined as a 50% reduction in HRSD-SAD scores at both weeks 1 
and 2 did not differ across the three intensities of light. When a more conservative 
definition of response was used (i.e., a 50% reduction in total HRSD-SAD score 
with a typical depression score < 10 and an atypical score 4, the frequency of 
response was significantly reduced at the end of both weeks 1 and 2. However, there 
was no difference in the frequency of response when this definition was used across 
the three intensities of light treatment. 

The frequency of side effects across the three treatment conditions was extremely 
low, with symptoms such as eye strain, fatigue, feeling "wired," headache, and 
insomnia being reported in < 10% of cases. The frequency of reporting of these side 
effects did not differ across the three treatment groups. 

Because of suggestions that the patient's expectations of treatment may be 
influenced by the intensity of the light that they receive and may in turn affect 



Table 5. Frequency of response to light visor treatment 





60 lux 

(/i = 33) 


600 lux 

(n = 38) 


3500 lux 

(n=34) X 


value 


Response 1 1 


15 (45.5)2 


17 (44.7) 


20 (58.8) 


1.74 


Response 2 


19 (57.6) 


24 (63.2) 


22 (64.7) 


0.40 


Response 3 


9 (27.3) 


13 (34.2) 


12 (35.3) 


0.58 


Response 4 


14 (42.4) 


18 (47.4) 


13 (38.2) 


0.61 


Response 5 


17 (51.5) 


17 (44.7) 


17 (50.0) 


0.64 


Response 6 


22 (66.7) 


22 (57.9) 


23 (64.7)' 


0.75 


1 . Response 1 = 50% reduction in total depression score at week 1 ; response 2 = 50% reduction in t 
score at week 2; response 3 - 50% reduction in total score, typical < 1 0, and atypical < 4 at week 1 ; res 
reduction in total score, typical < 10, and atypical < 4 at week 2; response 5 = 50% reduction 
posltreatment total score < 8 at week 1 ; response 6 = 50% reduction in total score, posttreatment to 
week 2. 

2. Number, percentage in parentheses. 


tal depression 
3O nse4^50% 

in total score, 
a I score <• 8 at 
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response to treatment (Terman et al., 1989), we used ANOVAs to examine potential 
differences in patients' expectations across the three intensities of light. There was no 
significant difference across the three treatment groups in patients' expectation that 
they would benefit from the treatment (F = 0.68; df- 2, 102; p > 0.05) or in their 
expectations that they would feel worse as a result of light treatment (F = 1.02; 
df=2, 102; p > 0.05). The power of the study was calculated using the formula for 
power calculation for three groups evaluated by ANOVA (Howell, 1987). The power 
of the current study was 0.89, indicating that there is a high degree of certainty that 
this was not a type II error and that we indeed rejected the null hypothesis so that 
there was no significant difference between the depression scores associated with the 
three light intensities. 

Discussion 

The current multicenter study involving 105 subjects suggests that light visor 
treatment is associated with significant reductions in total HRSD-SAD scores in 
approximately 50% of patients with SAD. However, no significant difference was 
observed with the three intensities of light treatment. 

A difference in depression scores during the trial between the study sites was 
observed. In particular, patients in Salt Lake City had significantly higher mean 
HRSD-SAD scores during light therapy and the withdrawal week. This site 
experienced some difficulty with patient recruitment as reflected by the number of 
patients, in their study group and, therefore, may have treated a more refractory 
group of SAD patients. However, when the initial severity of depression was taken 
into account through the use of percent change scores on the HRSD-SAD, the 
pattern of change in depression scores at this center did not differ from those at the 
other sites. 

The frequency of response at week 2 ranged between 38% and 66% across the three 
intensities of light treatment. This frequency of response is similar to the overall 
response rate of 53% reported in the evaluation of light treatment studies performed 
by Terman et al. (1989). The frequency of response to the 60-lux visor and the fact 
that its effect did not differ significantly from those of the other two light intensities 
are of particular interest. The 60-lux visor was originally intended as a dim light 
control because it provided an intensity of light less than ambient light intensity. 
Although the frequency of response to dim light has been reported to be 
considerably lower than the frequency of response to bright light, in studies using 
conventional light boxes (Wirz-Justice et al., 1986; Terman et al., 1989), this was not 
the case with the dim light visor in our study. The visor, unlike the light box, delivers 
light from a source close to the eye in a constant reliable way so that a large 
proportion of the visual field is occupied and therefore a similar proportion of the 
retina is constantly illuminated. The efficient manner in which light is delivered by 
the light visor versus the light box cannot be underestimated. Dawson and Campbell 
(1990) have illustrated the well-known fact that illuminance may be substantially 
affected by small movements in the patient's head and body while the light box is 
being used. While this may to some extent explain the difference in reported efficacy 
between the dim box and visor, it does not clarify the absence of a dose-response 
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relationship within visors in this study. Furthermore, notwithstanding the efficient 
manner in which the light is delivered by the visor, it is still evident that the 60-lux 
visor provides a dim source of light. Therefore, the lack of difference between the 
three light visor conditions, which differ in intensity by 50-fold, may have two 
possible explanations. The first is that light therapy has an antidepressant action by a 
nonspecific placebo effect. The absence of a dose-response relationship and the 
efficacy of dim light at a rate comparable to brighter light support this possibility. 
The second explanation is that a wide range of intensities of light are biologically 
active in the treatment of seasonal depression. Indirect evidence for the second 
explanation is provided by Brainard et al. (1988) who have shown that mono- 
chromatic light in intensities as low as 29 lux will suppress, melatonin production in 
normal human volunteers. An alternative possibility is that illuminance is not the 
important factor in light therapy. Light intensity in light therapy studies has always 
been measured as lux. Lux is a measurement of illumination exposure over the 
visible spectral range of the human eye. It is unclear, however, whether lux is a 
meaningful measure of biologic or therapeutic effects of light. 

In addition to testing the efficacy of the light visor in the treatment of SAD, our 
study was carried out in an attempt to address some of the methodological 
limitations in previous studies of light treatment of SAD (see review by Terman et 
al., 1989). Unlike previous studies which had small sample sizes with insufficient 
statistical power, our study group of 105 patients provided sufficient statistical 
power to test the null hypothesis. Furthermore, we used a consistent exposure to 
daily light treatment for a standard period of time and an adequate duration of 
2 weeks. Moreover, this study used a parallel rather than a crossover design. The 
inclusion of a 60-lux treatment group was initially intended as a dim light condition 
that would likely be less effective than the other two light intensities, thus allowing 
for the evaluation of a dose-response relationship. In this regard, our study, like 
many others, does not allow for firm conclusions about the issue of an adequate 
placebo control in the evaluation of light treatment in SAD (Eastman, 1990). We 
used 30 minutes of light exposure each day. As it is unclear what the optimal 
duration of light therapy should be, particularly with the light visor, this issue should 
be addressed in future studies. 

Our findings are consistent with those of an earlier multicenter study of light visor 
treatment of SAD (Moul et al., 1990). In that study, involving 55 subjects across 
three sites, there was no significant difference in efficacy of a medium light intensity 
(600 lux) and high light intensity (7,000 lux) visor treatment. Our data, taken 
together with those from this earlier study, suggest that if the mechanism of action 
of light therapy in SAD is related to a specific biological mechanism and not to 
placebo, there is a very wide dose range of effective light treatment and, unlike the 
pattern observed with light boxes, a dose-response relationship may be absent. 
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A Multicenter Study of the Light Visor for 
Seasonal Affective Disorder: No Difference in 
Efficacy Found Between Two Different 
Intensities 

Norman E Rosenthal, M.D., Douglas E. Moul, M.D., Carla J. Hellekson, M.D., Dan A Oren 
M.D., Arlene Frank, Ph.D., George C. Brainard, Ph.D., Megan G. Murray B A 
and Thomas A. Wehr, M.D. " 



Fifty-five patients with winter seasonal affective disorder 
(SAD) were treated with a light visor, a neioly developed 
portable light-delivery system, in a controlled parallel 
design. A dim (400 lux) visor was compared with a 
bright (6000 lux) visor for either 30 or 60 minutes in the 
morning for 1 week. Response rates for these two 
treatments were 36% and 56%, respectively; the duration 
of treatment sessions did not affect outcome. There was 



key words: Seasonal affective disorder; Phototherapy; 
Light; Orcadian rhythms; Seasons; Depression 

The efficacy of bright-light therapy in the treatment of 
winter-seasonal affective disorder (SAD) (Rosenthal et 
al, 1984) has been well established (for reviews see Rosen- 
thal et al . 1988; Terman et al. 1989a; Terman and Terman 
1991- Oren and Rosenthal 1992). Traditionally, treatment 
has been administered by having patients sit in front 
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no evidence that the brighter visor was superior in 
efficacy to the dimmer one. Significantly greater relapse 
occurred folloiving withdrawal of the dimmer visor. 
Alternative explanations for these findings are that the 
light visor is acting as a placebo or that it is equally 
effective over a wide range of intensities. 
[Neuropsychopharmacology 8:151-160, 1993] 



of light boxes, which some patients have found con- 
straining. To obviate this inconvenience, we developed 
a portable head-mounted light-delivery system (Rosen- 
thal and Wehr, unpublished observation 1988; Brainard 
and Benson, unpublished observation 1988; Stewart et 
al. 1990; patent: #4,911,166, a portable light-delivery 
system). We tested the efficacy of this device by com- 
paring light visors of two different intensities, one above 
and the other below the putative threshold for therapeu- 
tic efficacy, as estimated from the results of earlier 
studies with conventional light boxes (Checkley et al. 
1986; Isaacs et al. 1988; James et al. 1985; Rosenthal et 
al. 1984, 1985; Wirz-Justice et al. 1986). We hypothe- 
sized that the brighter visor would produce antidepres- 
sant effects superior to those of the dimmer one. The 
study was conducted at three sites: the National Insti- 
tute of Mental Health (NIMH), Bethesda, Maryland; 
Providence Hospital, Seattle, Washington; and Brook- 
side Hospital, Nashua, New Hampshire. The present 
report documents the outcome of this study and dis- 
cusses its implications. 
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MATERIALS AND METHODS 

Subjects 

Participants in the study were 55 adult volunteers 
recruited via community referral channels and the lo- 
cal news media. To be included, subjects had to meet 
the SAD criteria of Rosenthal et al. (1984) and the DSM- 
III-R criteria for a lifetime history of major depression 
(Spitzer et al. 1989). One exception to the criteria of 
Rosenthal et al. (1984) was the inclusion of patients with 
a past history of other Axis T psychiatric disorders, 
provided there was no active evidence of the disorder 
at the time of evaluation. Patients were required to be 
in reasonably good physical health as determined by 
history, physical examination, electrocardiogram, rou- 
tine bloodwork, and urinalysis . Patients with retinal dis- 
eases or cataracts, untreated hypothyroidism, or any 
serious medical conditions were excluded. 

Taking medications was not in itself an exclusion- 
ary criterion provided that patients agreed to maintain 
their medications at fixed dosages throughout the 
study. Shift-workers and others who were unable to 
maintain consistent sleep schedules throughout the 
study period were excluded. Those patients who had 
been receiving traditional light therapy were eligible, 
provided they discontinued that therapy for at least 2 
weeks before entering the study. All subjects provided 
written informed consent. 



The Light Visor 

The head-mounted light-therapy device or "light visor" 
was developed collaboratively by investigators at the 
NIMH (N;e : R. andT.A.W.), the Biomedical Engineer- 
ing and Instrumentation Program of the National In- 
stitutes of Health (Stephen B. LeightOn/Sc.D.), and 
Jefferson-Medical College (G.C.B.) and was supplied 
by Bio-Brite, Inc, Bethesda, Maryland. The visor con- 
sists of two light sources, one directed toward each eye, 



each set in a plastic hemisphere with a highly reflective 
metal coating behind translucent diffusing and mylar 
niters, which spread the light over a circular surface area 
approximately 7 cm in diameter (see Fig. 1). The visor 
is powered by a portable rechargeable battery source. 
The light is emitted from miniature 2.6-watt krypton 
incandescent bulbs and contains virtually no ultravio- 
let rays after it has passed through the mylar filter. The 
spectral power of the visor was measured with a 
McPherson monochromator with a Hamamatsu pho- 
tomultiplier and solid-state amplifier. This equipment 
was calibrated with a model 22A 200-watt quartz- 
tungsten lamp (Optronic Laboratories, Inc.) traceable 
to NIST (see Fig. 2). The metal hemispheres reflect the 
light toward the eyes, thereby ma>amizing the efficiency 
of the system. The diffusing filters help reduce the con- 
centration of brightness in the center of the light- 
emitting surface. When the visor is worn as intended, 
the light-emitting area occupies the upper half of the 
visual fields allowing the wearer to see his surround- 
ings while receiving treatment. 

To test the efficacy of the visor, we chose two differ- 
ent ittuminances, one brighter (approximately 6000 lux) 
and one dimmer (approximately 400 lux). The illumi- 
nance of the bright visor was chosen because it falls in 
the range of previously active light-treatment condi- 
tions, and the illuminance of the dim visor falls in the 
range of light-treatment conditions found previously 
to be relatively ineffective (Rosenthal et al. 1988; Ter- 
man et al. 1989a; Terman and Terman 1991; Oren and 
Rosenthal 1992). Both visors had the same reflec- 
tors, bulbs, ultraviolet filters, and batteries and were 
identical in their external appearance. To create the dim- 
light condition, a 1 ohm resistor was inserted in series 
with the battery pack. To ensure correct and consistent 
light intensities, light output was measured before and 
after each week of use and new bulbs were installed 
routinely before each treatment week. Illuminance mea- 
surements were taken by positioning a light meter 5.8 
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cm from the diffusing surface where the wearer's eyes 
were expected to be. Measurements taken over 60- and 
30-mmute treatment sessions showed the average vi- 
sor illuminance decayed 20% and 15%, respectively Pa- 
study reCharged the batter y P ack each da y d uring the 
The maintenance records of the visors indicate that 
at no point was any dim visor brighter than 415 lux 

than 4000 lux (range 4000 to 7800 lux). No light source 
failed during the study. 

Study Design and Procedures 

We employed a randomized single-blind parallel- 
treatment design in which we compared bright and dim 
visors over three phases, each lasting 1 week: baseline 
treatment, and withdrawal. During the baseline period' 
patients were asked to adhere to consistent sleep-wake 
schedules because of the known antidepressant effects 
of sleep deprivation innonseasonal depressives and the 
possibility that SADpatientsmightbe similarly affected 
In addition, we asked patients to keep a daily log of 
wake-up times since sleep deprivation has been 
reported to have maximum antidepressant effects in the 
later part of the night (Wehr 1990). Those on main- 
tenance medications were asked to keep their dosage 
constant. We measured their mood levels on a weekly 
bas, s by means of the structured interview guide for 
the Hamilton Depression Rating Scale (SIGH)-SAD 
(Williams et al. 1988), from which we derived their 21- 
itemHamilton Depression Rating Scale (HDRS) scores 
(Hamilton 1967). Patients were admitted into the treat- 



Figure 2. Spectral power dis- 
tribution for the light visor 
used in this study. 

ment phase of the study if they had an HDRS score of 
14 or more or a SIGH-SAD total score of at least 22 with 
a minimum of 10 on the HDRS. 
, U P° n acceptance of patients into the treatment 
phase, we randomly assigned them to either the bright- 
er dun-visor condition, stratified across centers ind 
balanced with respect to the presence or absence of con- 
comitant medications and a history of previous light 
treatment. Wetaught each patient to position the visor 
correctly in relation to the eyes, turned the lights on 
tor 1 minute and evaluated each patient's expectations 
oi the effectiveness of the treatment by means of a stan- 
™? e ^ ti0nS q uestionna rc (Borkovec and Nau 
1972) . We did not inform the patients that we were test- 
ing two different visors, nor did we discuss with them 
our specific hypothesis. We told them only that we were 
trying to determine whether the light visor was clini- 
cally effective and asked them not to discuss the study 
with any other participants. We requested that patients 
maintain their ambient lighting at the same level dur- 
ing their treatment sessions as it had been at that time 
of day during the baseline week. We asked them to re- 
strict their movements during treatments as we were 
concerned that those wearing the bright visor might 
bump into things as a result of glare. 

On the basis of earlier studies that showed that 30 
minutes of treatment with 10,000 lux is effective for win- 
ter SAD (Terman et al. 1989b), we initially selected 60- 
St ttreatmentin the truing, predicting 
J ,n^° Uld * e m ° re eifective for the 60 °0-lux than for 
the 400-lux condition. We asked patients to wear their 
visors at a consistent time between 6:30 a.m. and 8-30 
a.m. for seven consecutive mornings. Preliminary anal- 
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ysis of the first 21 subjects revealed that the dim visor 
was yielding surprisingly good results, making it less 
likely that the predicted difference between groups, that 
is the predicted superiority of the bright over the dim 
visor, would be detected with the initial treatment de- 
sign. In an attempt to elicit this predicted difference in 
the remaining subjects, we decreased the daily treat- 
ment time for the remaining 31 subjects to 30 minutes, 
at the same time in the morning as before. 

After each treatment week, we withdrew patients 
from light for 1 week and measured their mood once 
again. 

No specific measures were taken to evaluate the 
effects of the light visor on the eyes since individuals 
with evidence of significant ocular pathology were ex- 
cluded from the study and the illuminances emitted by 
both visors were well below typical outdoor levels 
(Thorington 1985) and within recommended indoor il- 
luminances (Kaufman and Christensen 1987). We 
should note, however, that the value of such light level 
comparisons is limited by the fact that the light from 
the visor bears a fixed relation to the head and eyes and 
therefore cannot be as readily avoided as light emanat- 
ing from the sky. 

Dependent Variables 

Mood was measured with the SIGH-SAD by raters, 
blind to the patient's treatment status. To maximize 
reliability across centers, raters at all centers were given 
standard scoring instruction and their reliability was 
tested on 12 videotaped SIGH-SAD interviews of 
depressed patients. Reliability of raters was quite good 
both within and across centers (intraclass correlation 
= 0.98 for raters in Bethesda and Nashua and 0.95 
across centers). There were five raters at Bethesda, three 
at Nashua, and one at Seattle. Clinical care was pro- 
vided by clinicians blind to which visor any particular 
patient received. 

To estimate the amount of light actually entering 
the eye, we measured pupillary diameters of the pa- 
tients in Bethesda by photographing the eye with a Po- 
laroid camera fitted with a 1:1 lens (to avoid spherical 
distortion) and flash (to illuminate dark irises). Just be- 
fore starting their treatment week, patients were pho- 
tographed while wearing the visor with its lights on af- 
ter 1 minute of exposure to the visor in the "on" position 
and in ordinary indoor lighting. Pupillary diameters 
were measured from the photographs by raters blind 
to the treatment condition. For logistical reasons, these 
measurements were made only at the Bethesda site. 

Preliminary measurements (Waxier et al. unpub- 
lished results) were made of a single bright and a sin- 
gle dim visor, using the CapCalc Luminance Measure- 
ment System (National Research Council, Canada). 
Based on these initial luminance values and using pupil- 



lary sizes from subjects at the Bethesda site, rough esti- 
mates of retinal iUuminance were made from the formula 
of Wyszecki and Stiles (1982). We collected information 
on side effects from a standard rating form, which pa- 
tients completed at the end of the study. 

Statistical Analysis 

Hamilton Depression Rating Scale and SIGH-SAD 
scores between treatment conditions were analyzed in 
two ways: Analysis was performed by means of con- 
ventional analysis of variances (ANOVAs) with 
repeated measures and post-hoc r-tests where appro- 
priate. In the ANOVA, there were three grouping fac- 
tors (illuminance, site, and treatment duration) and one 
repeated measure (study phase); The second analy- 
sis involved dichotomizing the population into re- 
sponders and nonresponders based on criteria previ- 
ously established by Terman et al. (1989). The results 
of this dichotomy were then analyzed by Fisher's exact 
tests, with appropriate corrections when durations were 
combined (Mantel and Haenszel 1959). To evaluate the 
possible influence of prior light experience on response 
to light therapy, we ran additional ANOVAs on HDRS 
and SIGH-SAD ratings, using the presence or absence 
of a history of light therapy as an additional grouping 
factor. 

Wake-up times were analyzed by ANOVA with 
repeated measures and post-hoc f-tests where appro- 
priate. A priori expectations and side effects were ana- 
lyzed by appropriate parametric statistical measures. 

To determine the association between response and 
retinal illuminance, correlations were performed be- 
tween retinal illuminance values and the change in 
HDRS and SIGH-SAD total scores for the Bethesda 
group as a whole and separately for bright- and dim- 
visor subgroups. In all analyses, two-tailed significance 
levels were used. In those instances where multiple 
comparisons were performed, appropriate adjustments 
were made for the increased probability of making a 
Type I error. 



RESULTS 

Clinical and Demographic Features 

The distribution of subjects across the three sites 
(Bethesda, Seattle, and Nashua), the two durations (60 
and 30 minutes), and the two treatment conditions 
(bright and dim) are shown in Table 1. Most patients 
were seen in Bethesda and Seattle, with approximately 
the same number seen in each of these two places. Since 
the 60-minute treatment condition was the first para- 
digm used, and the study in Seattle was initiated 
slightly after the study in Bethesda, more patients were 



NEUROPSYCHOl'HARMACOLOGY 1993-VOL. 8, NO. I 



Light- Visor Treatment for SAD 155 



Table 1. Demographic Features of Study Subjects" 



Total 

t = 55 





Bright 


Dim 


Bright 


Dim 


Bright Dim 




n = 10 


ft = 11 


n == 20 


n = 14 


« = 30 « = 25 


Location: 












Bethesda 


7 


7 


6 


5 


25 


Seattle 


1 


2 


13 


8 


24 
6 


Nashua 


2 


2 


1 


1 


Diagnosis: 












Unipolar 


9 


10 


20 


14 


53 
2 


Bipolar I 


1 


1 


0 


0 


Bipolar II 


0 


0 


0 


0 


0 


Medication Status: 












On antidepressants 


3 


1 








On any medications'' 


6 


8 


5 


7 


26 
29 


On no medications 


4 


3 


15 


7 


Sex: 










Females 
Males 


9 
1 


10 
1 


18 
2 


9 
5 


46 
9 


Age: 












Mean 


■ -43 


41 


41 


43 


42 

9 


Standard Deviation 


13 


7.3 


6.7 


10.5 


Previous Light Therapy: 












Yes 


7 


7 


4 


2 


20 
35 


No 


3 


4 


16 


12 



mean age and standard deviations. 
Includes those on antidepressants. 



seen on the 30-minute condition than on the 60-minute 
condition in Seattle, whereas approximately equal num- 
bers were treated with each duration in Bethesda. 
Twenty-one subjects were treated with the 60-minute 
condition and 34 with the 30-minute condition. Thirty 
patients were treated with the bright and 25 with the 
dim condition. The unequal number resulted from our 
attempt to randomize in a stratified way, taking into 
account medication status and prior exposure to light 
treatment. 

Most of the patients (84%) were women (27 of 30 
in the bright condition and 19 of 25 in the dim condi- 
tion). The mean age (± SD) was virtually identical for 
bright and dim conditions (42 ± 9.2 and 42 ± 9.1 years, 
respectively). Most of the patients (53 of 55) met DSM- 
III-R criteria for major depression and only two met 
criteria for bipolar depression. As can be seen in Table 
1, 20 of 55 subjects had had prior exposure to light ther- 
apy and 29 of 55 patients were medication-free through- 
out the study. Although it was our intention to treat 
equal numbers of these different groups with bright and 
dim light, more unmedicated patients were treated with 
the bright visor than with the dim visor (19 vs. 10), 
though this difference did not reach statistical signifi- 
cance. 



Effects on Mood 

The mean baseline total SIGH-SAD scores (± SD) for 
patients who received bright- and dim-light treatment 
were 31.0 ± 6.6 and 31.2 ± 7.6, respectively (NS). Cor- 
responding posttreatment scores (± SD) were 19.5 ± 
11.4 and 14.2 + 8.8, and withdrawal scores were 22.5 
± 10.1 and 28.4 ± 10.4. The mean baseline 21-item 
HDRS scores for patients who received bright and dim 
light were 16.8 ± 4.3 and 17.7 ± 4.7, respectively. Cor- 
responding posttreatment scores were 11.0 ± 5.9 and 
8.9 ± 5.5, and withdrawal scores were 13.2 ± 5.5 and 
16.7 ± 6.1 (see Fig. 3A and B). 

Analysis of variance with repeated measures on the 
21-item HDRS data showed a significant time-by- 
intensity interaction (F = 5.16, df=2,p< 0.01; see Fig. 
3A and 3B). Post-hoc t-tests showed this effect to be due 
almost entirely to differences in withdrawal values that 
were lower after the bright- than the dim-light treat- 
ment (f = 2.27, df = 53, p < 0.05). Although pre- and 
posttreatment HDRS scores were significantly differ- 
ent for both dim and bright visors (f = 7.72, df = 24 
p< 0.001; and t = 7.25; df = 29, p< 0.001, respectively),' 
posttreatment and withdrawal values differed sig- 
nificantly only for the dim (f = 5.72, df = 24, p < 0.001), 
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Figure. 3. The SIGH-SAD (a) and 21-item HDRS (V) scores 
are shown for all 55 subjects treated with bright and dim vi- 
sors before and after 1 week of treatment and after 1 week 
of withdrawal. There were significant time-by-condition in- 
teractions for both measures, both largely due to the greater 
withdrawal effect following dim-light treatment. 



B 




SEATTLE SEATTLE BETHESDA BETHESDA 
BRIGHT DIM BRIGHT DIM 



Figure 4. The 21-item (a) HDRS and SIGH-SAD (b) scores 
are shown for different durations of treatment at the two ma- 
jor sites, Bethesda and Seattle. The dim visor showed a 
slightly, but not statistically significant, greater effect than the 
bright visor, especially following the 30-minute treatment regi- 
men and at the Seattle site. 



but not the bright visor (f = 1.54, df - 29). There was 
no interaction between duration and condition, sug- 
gesting no difference in efficacy between the 60-minute 
and the 30-minute treatment conditions. Similarly, 
there was no significant site-by-condition interaction 
(see-Fig. 4A and B), nor any effect of a history of prior 
light treatment on outcome. 

In evaluating the results according to the stringent 
response criteria of Terman et al. (1989), [reduction of 
HDRS scores to < 50% of baseline and < 8]), we found 
a tendency for the patients to respond better to the dim 
than to the bright visor, although this did not reach 
statistical significance (see Table 2). Thus, response rates 
for the dim visor were 7 of 11 (63%) and 7 of 14 (50%) 
for the 60-minute and 30-minute conditions, respec- 
tively. Corresponding values for the bright treatments 
were 4 of 10 (40%) and.4 of 20 (20%), respectively. When 
we combined both durations of treatment and took the 
stratification of treatment duration into account, we 
found the difference between groups reduced to a 
trend (p = 0.07, Mantel-Haenszel test, [Fleiss 1981]). 



We also examined response rates by looking at 
SIGH-SAD total scores, which incorporate atypical 
symptoms scores (Rosenthal and Heffernan 1986), and 
defined as responders those individuals whose totals 
were reduced to less than or equal to 50% of baseline, 
as has previously been suggested (Eastman et al. 1989) 
(see Table 2). With this approach, we found the re- 
sponse rates for the dim visor to be 7 of 11 (63%) and 
10 of 14 (71%) for the 60-minute and 30-minute condi- 
tions, respectively. Corresponding values for the bright 
visor were 3 of 10 (30%) and 9 of 20 (45%), respectively. 
Analysis of the pooled data by Fisher's exact test with 
appropriate correction for multiple comparisons (Man- 
tel and Haenszel 1959) again yielded results that fell just 
short of statistical significance for the combined treat- 
ment durations (p = 0.07). 

Other Self-Report Measures 

A priori expectations were quite positive for both types 
of visors, with average patient responses falling be- 
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Table 2. Comparison of Response Rates Followin g Treatment with Bright- vs. Dim-Light Visors 



Hour 


Bright 


4 




Dim 


7 


Half Hour 


Bright 


4 




Dim 


7 


Pooled 


Bright 


8 




Dim 


14 



Responded Nonresponder Response Responded Nonresponder Response 



50% 
36% 
56% c 



" Responder - (>50% reduction and <8 final score). 
'' Responder = (>50% reduction in score). 

c p = 0.05 Fisher Exact Test, p < 0.07 Mantel-Haenszel Chi Square. 



30% 
63% 
45% 
71% 
40% 
68% c 



tween expecting the light to improve their symptoms 
"moderately" and "quite a bit." There were no differ- 
ences in expectations of the two visors and no correla- 
tion between expectations (as measured on a 5-point 
scale) and outcome for either bright- or dim-visor treat- 
ments. 

Side effects were reported with, approximately 
equal frequency under both visor conditions (Table 3). 
The most commonly reported side effects were head- 
ache, eyestrain, and fatigue, although the last was at- 
tributed to the light visor in the minority of cases. Some 
patients reported feeling "wired" on both visor types; 
however, there were no cases of significant hypoma- 
nia or mania. 

The mean reported wake-up times (±SD) before, 
during, and following treatment with the bright visor 
were 6:17 a.m. (± 43 minutes), 6:13a.m. (± 43 minutes), 
and 6:18 a.m. (± 57 minutes). Corresponding values 
for the dim-light visor were 6:06 a.m. ( ± 83 minutes), 
6:28 a.m. (± 39 minutes), and6:15 a.m. (±.77 minutes). 
Analysis of variance revealed no significant main effects 
or interactions, and there was no trend toward 
significance. 



Pupillary Measurements 

At the Bethesda site, we photographed the eyes of 9 
patients wearing bright visors and 10 other patients 
wearing dim visors, in both cases with the light sources 
on. The mean (± SD) pupillary area of patients wear- 
ing the bright visor was 7.1 ± 2.5 mm 2 and of those 
wearing the dim visor was 12.8 ± 4.5 mm 2 . These were 
significantly different (t = -3.37, df = 17, p < .01). 

The estimated total luminance of a dim visor was 
180 cd/m 2 with a range of 30 to 200 cd/m 2 over the 
light-emitting surface. The estimated total luminance 
of a bright visor was 5000 cd/m 2 with a range of 300 to 
25,000 cd/m 2 over the light-emitting surface. By mul- 
tiplying total luminance values by average pupillary 
size, we estimated retinal illuminance. The mean reti- 
nal illuminance values for bright and dim visors were 
significantly different (8.9 x 10 3 and 5.7 x 10 2 
rrolands, respectively; t = 8.50, p = < 0.001). There was 
no correlation between calculated retinal illuminance 
and antidepressant effects, as measured by change in 
the HDRS or SIGH-SAD scores. 



Table 3. Side Effects of Visor 3 



Side Effect 



Abdominal Pains 

Dizziness 

Eyestrain 

Fatigue 

Wired 

Headache 

Insomnia 

Muscle Aches 

Nausea 

Sweaty Palms 



Side-Effect Frequency 

Bright Dim _„„„ 

N = 23 N = 20 N = 23 



13% 
13% 
39% 
43% 
22% 
48% 
22% 
22% 
17% 



15% 
30% 
45% 
35% 
20% 
40% 
30% 
30% 
15% 



Side-Effect Severity 6 



JV = 20 



0.26 ± 0.75 
0.17 ± 0.49 
0.65 ± 0.93 
0.83 ± 1.11 
0.30 + 0.63 
0.70 ± 0.87 
0.26 ± 0.54 
0.26 ± 0.54 
0.30 ± 0.76 



0.30 ± 0.80 
0.45 ± 0.83 
0.70 ± 0.92 
0.75 ± 1.20 
0.35 ± 0.75 
0.60 ± 0.94 
0.60 ± 0.99 
0.25 + 0.44 
0.25 ± 0.72 



* All values expressed as means ± SD. 
3 Severe ^ * ^ of 0 t0 3 ' 0 = abse ™e of-symptoms; 1 = mild; 2 = moderate; and 
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DISCUSSION 

The SAD patients treated in the present study were clin- 
ically and demographically similar to those we have de- 
scribed previously (Rosenthal et al. 1984; Oren and 
Rosenthal 1992). The low prevalence of bipolar pa- 
tients in this study (which stands in contrast to our ear- 
lier reports) stems from our change in diagnostic criteria 
over time from the Research Diagnostic Criteria (Spit- 
zer et al. 1978), which have a relatively low threshold 
for the diagnosis of hypomania, to the DSM-IH-R criteria 
(Spitzer et al. 1989), which require actual dysfunction 
as a result of hypomania for a patient to qualify for a 
bipolar diagnosis. 

In this first clinical trial of the light visor, our hy- 
pothesis that the bright visor would be more effective 
than the dim one was not borne out. There was no 
statistical difference in efficacy between the two visors, 
regardless of how such efficacy was measured, although 
there was a trend toward a poorer response rate for the 
bright visor. There is thus no evidence that the light 
visor was effective, when efficacy is defined as produc- 
ing a greater antidepressant effect than placebo. Al- 
though analysis of the SIGH-SAD ratings showed a 
significant interaction between phase of the study and 
intensity, this was not due to a difference in treatment 
effect but rather to a greater tendency to relapse follow- 
ing withdrawal from the dim than the bright visor. 

Insofar as there was no difference in efficacy be- 
tween the "active," (60004ux) and "control" (400-lux) 
treatments, this study does not provide any direct evi- 
dence for a specific therapeutic effect of the bright vi- 
sor. One explanation for the observed improvement in 
mood is that it was due entirely to a placebo effect. Al- 
ternatively, both treatments might have been biologi- 
cally active and might have exceeded a therapeutic 
threshold: These same alternative possible explanations 
might be invoked to account for the results of two sub- 
sequent multicenter studies (Levitt et al. 1991; Teischer 
et al. 1992), where no differences in efficacy were ob- 
served across visor treatments of widely different in- 
tensities. On the basis of the present study and its two 
successors, there is no definitive way of deciding be- 
tween the aforementioned competing explanations. 

If the visor exerted its antidepressant effects by 
placebo mechanisms alone, how can this explanation 
be reconciled with earlier evidence that treatment with 
the light box was superior to placebo? One possible ex- 
planation is that the visor delivers light to the eyes less 
efficiently or from a smaller proportion of the visual 
fields than the light box. Thus, Gaddy et al. (1992) found 
a greater degree of melatonin suppression in normal 
subjects exposed to 4000 lux at the surface of the cor- 
nea when the light source was a box than when it was 
a visor . That finding showed that simple measurement 
of corneal illumination is insufficient to predict the 



effects of light on melatonin suppression. On the other 
hand, bright light emitted from a visor is not without 
biologic effects. Thus, visor light at 4000 lux can 
significantly suppress nocturnal melatonin (Gaddy et 
al. 1992) and visor light at 3200 lux can significantly 
dampen the normal nocturnal decline in body temper- 
ature (Edelson et al. 1991). 

Some have argued that the antidepressant response 
to the light box might also be nothing more than a 
placebo effect and have pointed out that a definitive 
placebo-controlled study of light-box therapy for SAD 
has yet to be done (Eastman 1990). Notwithstanding 
design flaws, differential effects of "active" and "con- 
trol" light-box treatments have been found in several, 
although by no means all, light-box studies, including 
comparisons of light of different intensities, timing and 
color, or exposure to different parts of the body (for re- 
view see Terman and Terman 1991; Oren and Rosenthal 
1992). Such differential effects have not thus far been 
found in studies of the light visor. For this reason, there 
is less evidence to suggest a specific antidepressant 
effect for the light visor than for the light box. 

The present study had some advantages over its 
predecessors. First, the number of subjects studied was 
relatively large. Second, expectations were measured 
ahead of time and were found to be no different for the 
two visors being studied. Finally, the multicenter na- 
ture of the study decreased the likelihood that the 
results obtained were specific to a particular center. 
Limitations of the study included: 1) incomplete log- 
ging of sleep (only wake-up times were registered), 
leaving open the possibility that different sleep patterns 
in the two visor conditions might have obscured poten- 
tial differences in efficacy (although antidepressant 
effects of sleep deprivation have not yet been well 
demonstrated in SAD); 2) imperfect control of the am- 
bient lighting environment in which subjects received 
their light therapy; and 3) since we asked patients to 
remain relatively stationary during treatment ses- 
sions, we were unable to evaluate whether the visor per- 
mitted free mobility at these times. 

If the antidepressant effects of the light visor were 
specific, that is, not solely a result of a placebo effect, 
why did we not find the predicted relationship between 
intensity and response? This same question was ad- 
dressed by Terman (1991) in a discussion of the pre- 
sentation of the subsequent light-visor study by Levitt 
etal. (1991). Even though subjects were shown exactly 
how we wanted them to position the visor, we had no 
way of knowing ho w well they complied with these in- 
structions. Small differences in positioning of a light 
source close to the eye could result in large differences 
in the amount of light entering the pupil. Further 
modifications in the amount of light entering the pupil 
could result from squinting, lowering the eyelids, or 
changes in pupillary size. Such pupillary size changes 
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might not have been detected by our measurement at 
a single point in time. Finally, we cannot rule out the 
possible confound of different retinal adaptations to 
different light intensities. If the similarity in response 
rates resulting from treatment with the different visors 
is not entirely due to a placebo effect, specific explana- 
tions for the absence of an intensity response relation- 
ship are needed. 

The response rates seen in this visor study (as 
defined by the strict criteria of Termah et al. (1989a): that 
is, a decrease to < 8 on HDRS and a decrease to < 50% 
of baseline) were 56% and 36% for the 400-lux and 6000- 
lux visors, respectively. In the later multicenter study 
. on 105 SAD patients, Levitt et al. (1991), reported re- 
sponse rates (defined only slightly differently as HDRS 

< 8, < 50% of baseline) for visors of 60-lux, 600-lux, and 
3500-lux intensity to be 52%, 45%, and 50%, respec- 
tively. In the later multicenter study on 57 patients, 
Teischer et al. (1992) reported response rates (HDRS 

< 8, < 50% of baseline) for red-visor treatments of 30- 
lux intensity and white-visor treatments of 600-lux in- 
tensity to be 50% and 36%, respectively, In.none of the" 
three visor studies undertaken to date were response 
rates significantly different across treatment conditions. 

The response rate seen with the 400-lux visor in the 
present study (56%) is similar to those found in several 
previous studies with 2500-lux light boxes, greater than 
those found with previous placebo treatments or light- 
ing conditions regarded as inactive, but less than treat- 
ment's with 10,000-Iux light boxes (Rosenthal and Moul 
1990; Terman 1991). This information may be useful to 
clinicians faced with the decision of recommending a 
treatment intervention to a patient; however, it does 
not speak to whether the light visor is acting solely as 
a placebo or in a specific way as well. 

It is clear that the method of ocular exposure can 
be critical in determining whether or not a light stimu- 
lus will induce a specific effect, quite independent of 
the illuminance of the stimulus. For example, Lewy et 
al. (1980) found that light of 2500 lux or more was re- 
quired to suppress nocturnal human melatonin secre- 
tion; Later, however, Brainard et al. (1988) found that 
when they carefully controlled ocular exposure, pupil- 
lary size, and stimulus characteristics, nocturnal plasma 
melatonin could be strongly suppressed with as little 
as 15 to 20 lux. Thus the method of light presentation 
may be more important than its absolute illuminance 
(lux) value in determining its biologic or therapeutic 
efficacy. 

We did not predict that we would find different 
responses to withdrawal following treatment with the 
two different visors, however such a result has been 
reported in at least one previous study of light therapy. 
Thus, Wirz-Justice et al. (1986) showed greater and more 
rapid relapse following withdrawal from a dim- than 
from a bright-light treatment. In reviewing the literature 
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on crossover studies of light therapy, we have noted 
lower baseline depression levels for the second treat- 
ment condition when the less effective treatment fol- 
lows the more effective one than when the order is 
reversed (Rosenthal et al. 1988). This would suggest a 
greater carry-over effect following the more effective 
treatment. It is difficult to reconcile these earlier obser- 
vations with those from the present study since treat- 
ment with the bright visor, which was followed by less 
relapse than treatment with the dim visor, was not more 
effective. 

In conclusion, the results of the present study offer 
controlled data on the efficacy of a novel light deliverv 
system in a large number of SAD patients treated at 
three separate centers. Although both patients and cli- 
nicians believed the visor to be a clinically effective treat- 
ment, its true efficacy, as defined by superiority to a 
control treatment, was not established. If it is not purely 
a placebo, then the apparent absence of a relationship 
between intensity and response, such as has been de- 
scribed for earlier light-box treatment studies, has yet 
to be explained. It may emerge that the mode of pre- 
sentation of light, not merely the intensity, is an 
important understudied area of light therapy. 
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The Phototherapy Light Visor: 
More to It Than Meets the Eye 



Martin H. Teicher, M.D., Ph.D., Carol A. Glod, R.N., C.S., Ph.D., 
Dan A. Oren, M.D., Paul J. Schwartz, M.D., Chris Luetke, Charlotte Brown, Ph.D., 
and Norman E. Rosenthal, M.D. 



Objective: The purpose of the study was to ascertain whether phototherapy light visors 
provide an effective treatment for seasonal affective disorder. Previous studies have demon- 
strated a moderate response rate but have failed to find any difference in efficacy between light 
intensities. Method: Subjects were randomly assigned to receive, over a 2-week treatment 
period, 30 minutes of morning phototherapy with a light visor that emitted either a dim (30- 
lux) red light or a bright (600-lux) white light. Raters were blind to treatment, and patients 
were unaware of the alternatives. Response was assessed by using the structured 2 1 -item Ham- 
ilton Depression Rating Scale, with an eight-item addendum for atypical depressive symptoms. 
Fifty-seven patients were enrolled across two sites. Results: Patients assigned to the different 
visors had similar baseline depression scores and similar expectations of outcome. Hamilton 
depression scale scores declined by 34.6% for subjects given bright white light and by 40.9% 
for subjects given dim red light. Scores for atypical depressive symptoms fell by 44.1% for 
patients assigned the bright white light visors and by 49.0% for patients assigned the dim red 
light visors. Altogether, 3 9.3 % of the patients who received red light and 41.4% of the patients 
who received bright white light showed a full clinical response. Conclusions: There were no 
significant differences in therapeutic response between patients who were treated with red or 
^-j white light. The results of this study suggest that the phototherapy light visor may function as 
an elaborate placebo. Alternative explanations, however, are considered. 
(Am J Psychiatry 1995; 152:1197-1202) 



Seasonal affective disorder is a common illness that 
affects about 6% of the general population (1, 2). 
To date, over 20 placebo-controlled studies of light 
therapy have been conducted to determine efficacy and 
subject response and tolerance (3, 4). Light therapy was 
initially administered by having individuals sit for at 
least 2 hours per day in front of fluorescent bulb units 
that delivered 2,500 lux of light head-on at a distance 
of 3 feet. Light boxes have since been redesigned to de- 
liver an intensity of 10,000 lux at a distance of 12 
inches on a downward angle (5). Despite their efficacy 
in treating symptoms of fall-winter seasonal affective 
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disorder, light boxes are neither portable nor mobile. 
For these reasons a head-mounted portable light deliv- 
ery unit, the light visor, was devised (6). The visor pro- 
vides greater mobility, convenience, and portability and 
delivers a consistent dose of light because of the fixed 
relationship between the light source and the eyes. 

Two previous studies that examined the efficacy of 
the light visor have produced unexpected results. In a 
three-center study, Rosenthal and colleagues compared 
the efficacy of a bright (6,000-lux) visor with a rela- 
tively dim (400-lux) visor in 55 subjects (6). While the 
bright visor produced a complete clinical response for 
26.6% of the subjects, the dimmer unit was nonsignifi- 
cantly better (p<0.07) and produced complete response 
for 56% of the patients. Subsequently, Joffe et al. (7) 
compared three intensities of light visors (60, 600, and 
3,500 lux) in a five-center study of 105 patients with 
seasonal affective disorder. Confounding expectations, 
all three intensities proved essentially equivalent, with 
reported response rates of 38%-47%. Such unantici- 
pated findings suggest that the light visor may work in 
a manner that is qualitatively different from previously 
evaluated phototherapy units, which calls into question 
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some of the assumptions about the nature of an effec- 
tive light therapy stimulus. Two possible interpreta- 
tions exist. First, the light visor, while providing partial 
or total remission in many patients, may be nothing 
more than an elaborate placebo treatment. Second, the 
visor may produce a response at stimulus intensities 
previously believed to be ineffective. The purpose of 
this study was to extend the methods of the previous 
two studies by comparing a visor that emitted a moder- 
ately bright light intensity with a visor so dim that we 
would not have predicted it could be effective by any 
mechanism other than a placebo effect. 

The crucial aspect of this investigation was to devise 
an inactive control visor that was similar enough to ex- 
isting devices to remain plausible to subjects as a poten- 
tially effective treatment. Dim light has been used as a 
control in previous light therapy trials (3) and appears 
to generate equal expectations of improvement on the 
part of subjects. These expectations have been con- 
firmed in previous treatment studies (6, 7). However, 
the surprising results of dim light conditions suggest 
that if the visor is not a placebo treatment, then it may 
be effective at relatively low intensities. Hence, the pla- 
cebo needed to be more than just dim. Prior research 
has suggested that moderately intense red light deliv- 
ered by a regular light fixture may be ineffective (3) and 
that bright red light may be less effective than white 
light (8) or green light (9) in the treatment of seasonal 
affective disorder. Research has also suggested that 
brief exposure to moderately intense light is less effec- 
tive than longer exposure (3). Hence, a placebo visor 
was designed to incorporate all three factors that would 
tend to reduce its efficacy. The placebo visor was dim 
(30 lux), red (>600 nm), and administered for short du- 
rations (30-minute treatment periods). This device was 
compared to a similar visor that delivered 600 lux of 
white light during the same exposure period. 



METHOD 

A blind, random comparison study was conducted at two centers 
that provide consultation and treatment for patients with seasonal 
affective disorder. Subjects received 2 weeks of baseline ratings and 
then 2 weeks of daily light visor treatment, which was followed by 1 
week of withdrawal. Those subjects with ophthalmologics! disorders 
(other than corrective refractive problems) and serious medical disor- 
ders were excluded. Patients currently receiving medications were re- 
quired to maintain consistent doses during the entire investigation. 
Those who were on concomitant antidepressant regimens had to have 
been taking the same dose for at least 4 weeks before the study to be 
eligible. Each subject was shown the light visor and wore it briefly 
before treatment to rate his or her expectations of treatment response. 
Expectations were also rated after the first and second week of visor 
treatment. Dark wrap-around sunglasses were worn whenever the 
subjects went out in daylight to minimize possible confounding ef- 
fects of environmental light exposure. Sleep logs were kept during the 
entire course of the study, and participants were asked to maintain a 
regular sleep and wake partem. On the basis of previous studies and 
initial power analyses, a minimum total group size of 40 patients was 
estimated to be necessary to detect a difference between an effective 
visor (an approximate response rate of 40% and more than 50% 
reduction in mean depression scale score) and a placebo (response 
rate under 20% and less than 30% reduction in depression scale 
score) at the p=0.05 level. 



Adults of either sex aged 18-71 were recruited for study by clinical 
or self-referral or by newspaper advertisement. Patients were re- 
cruited during one fall-winter season: November through January for 
the Washington, D.C., site and November through February for the 
Boston site. Subjects were evaluated by a clinician experienced in the 
diagnosis and treatment of seasonal affective disorder. After giving 
informed consent, each subject received the Structured Clinical Inter- 
view for DSM-III-R — Patient Version (10) to determine axis I diag- 
noses. Detailed assessment of their seasonal pattern was collected, 
and each subject fulfilled Rosenthal-National Institute of Mental 
Health criteria for seasonal affective disorder ( 1 ) and DSM-III-R cri- 
teria for either recurrent major depression with seasonal variation or 
bipolar disorder (depressed or not otherwise specified) with seasonal 
variation. Separate randomization sequences were applied to pre- 
menopausal women and to men and postmenopausal women because 
of possible differential response rates to antidepressant treatment. 

Each subject received 30 minutes of phototherapy daily and used 
the light visor between the hours of 6:00 a.m. and 9:00 a.m. The visor, 
a research model supplied by Bio-Brite (6), contained two 2.6-W 
krypton incandescent bulbs that were powered by a rechargeable bat- 
tery. Subjects were randomized to treatment with a visor that emitted 
either 600 lux of white light or 30 lux of red light. The red light visor 
was constructed by using a number 27 filter that transmitted 4% of 
the light and excluded light transmission at wavelengths below 600 
nm. The intensity of each unit was adjusted to within 10% of speci- 
fication by positioning the bulbs (which alters the focal length of the 
device) or by use of neutral density filters, as verified each week with 
a precision research lux meter. 

Each subject received baseline and weekly symptom assessment 
with the Structured Interview Guide for the Hamilton Depression 
Rating Scale — Seasonal Affective Disorders Version ( 11 ). This instru- 
ment is reliable and well-validated and includes items from the 21- 
item Hamilton Depression Rating Scale along with eight atypical de- 
pressive items common to seasonal affective disorder (hypersomnia; 
carbohydrate craving; increased appetite, eating, and weight; fatigue; 
social withdrawal; and type B diurnal variation). Subjects with a total 
score greater than 1 9 (with a score on the Hamilton depression scale 
greater than 9) were eligible for inclusion. Raters were blind to the 
treatment the subjects received. Clinical global improvement was also 
assessed at the end of treatment; however, the depression scale score 
was the primary outcome measure. Participants had to complete 2 
weeks of baseline evaluation and at least 1 week of phototherapy with 
depression ratings for inclusion in the analysis. Data were evaluated 
by using endpoint analyses. We hypothesized, a priori, that the group 
that received the 600-lux white light visor would I ) show a greater 
reduction in depression scale scores from baseline, 2) have a greater 
percentage of subjects with a significant clinical response (at least a 
50% reduction in Hamilton depression scale score), and 3) have a 
greater percentage of subjects experiencing complete recovery (at 
least a 50% reduction in Hamilton depression scale score and a final 
score of less than 8). 



RESULTS 

The 57 individuals who participated in the study 
were predominantly women (N=48) and had a mean 
age of 41.5 years (SD=11.6). The randomization se- 
quence resulted in 28 patients (49.1%) receiving the 
30-lux red light visor, while 29 patients (50.9%) re- 
ceived the 600-lux white light unit. Table 1 shows the con- 
comitant medications of patients upon entry into the 
study. Medications included antidepressants (19.3%, 
N=ll) and anxiolytics (14.0%, N=8); 40.4% (N=23) 
were medication free. There were no significant differ- 
ences between light visor groups in age, gender, or de- 
gree of concurrent medication use. There were also no 
significant differences between light visor groups or 
test centers in mean baseline scores on the Hamilton 



1198 



Am ] Psychiatry 152:8, August 1995 



TEICHER, GLOD, OREN, ET AL. 



ts With Seasonal Affective Disorder Given Phototherapy VI 



Concurrent Medication 



Phototherapy Visor 
and Site- 


N 


Age 
(years) 








Anti- 
depressants 




iolytics 


Thyr, 


M 




SD 


Female 


Male 


N 




N 




N 




Red light (30 lux) 


























12 


43.7 


11.3 




1 


3 


25 


4 


33 




8 


NIMH 


16 


41.2 


10.7 


13 


3 


2 


13 


1 


6 


2 


13 




28 


42.3 


10.8 


24 




5 


18 


5 


18 


3 


11 


White light (600 lux) 
























McLean 


15 


40.2 


12.0 


12 


3 


6 


40 


1 


7 


3 


20 


NIMH 


14 


41.4 


13.4 


12 


2 


0 


0 


2 


15 


0 


0 


Total 


29 


40.8 


12.5 


24 


5 


6 


21 


3 


11 


3 


11 



depression scale (F=1.43, df=l, 54, p>0.20) or scores 
for atypical depressive symptoms (F=0.84, df=l, 54, 
p>0.30) (table 2). Similarly, there were no differences 
between the groups in their degree of initial expecta- 
tion of effectiveness. Patients assigned to the red light 
visor expected the device to be, on average, 63.6% ef- 
fective, and patients assigned to the white light visor ex- 
pected this device to be 65.2% effective (F=0.19, df=l, 
37, p>0.60). 

Depression scores were compared between the sec- 
ond baseline week and treatment endpoint. For all but 
three patients (who terminated the study prematurely 
after 1 week of visor treatment because of lack of re- 
sponse or worsening condition), endpoint was the sec- 
ond week of treatment. Overall, there was a substantial 
decline in depression scores during visor treatment. For 
the entire cohort, Hamilton depression scale scores fell 
37.9%, from 16.9 to 10.5 (F=35.9, df=l, 56, p<0.0001), 
and scores for atypical depressive symptoms fell 47.0%, 
from 14.9 to 7.9 (F=54.8, df=l, 56, p<0.00001). How- 
ever, contrary to our expectations, there were no differ- 
ences in response between patients who received treat- 
ment with red or white light (table 2). Mean Hamilton 
depression scale scores declined by 34.6% for subjects 
given white light treatment and by 40.9% for subjects 
given dim red light (F=1.04, df=l, 52, p>0.30). Simi- 
larly, scores for atypical depressive symptoms fell by 
44.1% for patients assigned bright white light visors 
and by 49.0% for patients assigned dim red light visors 
(F=0.71, df=l, 52, p>0.40). Results were comparable 
between the two centers, since there were no significant 
main effects of center location or any significant center- 
There were also no differences between treatment 
groups in the percent of patients who had a 50% or 
greater reduction in scores on the Hamilton depression 
scale (red light visor: 46.4%, N=13; white light visor: 
44.8%, N=13) (p>0.90, Fisher's exact test) or who ob- 
tained a final Hamilton depression scale score of less 
than 8 (red light visor: 46.4%, N=13; white light visor: 
44.8%, N=13) (p>0.90, Fisher's exact test). Full clinical 
remission (operationally defined as at least a 50% re- 
duction in score on the Hamilton depression scale and 
a final score less than 8) occurred in 39.3% (N=ll) of 



patients who received red light and 41.4% (N=12) of 
patients who received bright white light (p>0.90, 
Fisher's exact test). Overall, there were no significant 
differences in therapeutic outcome between patients 
treated with red or white light visors. 

The only factor that appeared to exert any effect on 
response was age. Initial scores for atypical depressive 
symptoms varied across age, declining about two points 
per decade as age increased (r=0.43; F=12.59, df=l, 52, 
p<0.001). In contrast, scores on the Hamilton depres- 
sion scale did not vary with age (F=0.16, df=l, 52, p> 
0.60). The response of atypical depressive symptoms to 
light therapy was also mildly age dependent (r=0.28; 
F=6.09, df=l, 52, p<0.02). Overall, mean percent im- 
provement in scores for atypical depressive symptoms 
from baseline to endpoint (regardless of visor color) de- 
clined about 10 percentage points per decade as age in- 
creased. In contrast, the effect of light treatment on 
Hamilton depression scale scores was not significantly 
age dependent (F=1.40, df=l, 52, p>0.20). 

A subset of 46 patients (23 from each visor group) 
were evaluated 1 week after discontinuation of photo- 
therapy to ascertain whether there were group differ- 
ences in initial relapse rate. In this subgroup there were 
numerical, but not statistically significant, increases in 
depression score. Mean scores on the Hamilton depres- 
sion scale increased from 10.5 to 12.4 (F=1.42, df=l, 
43, p>0.20), and scores for atypical depressive symp- 
toms increased from 7.9 to 11.7 (F=3.24, df=l, 43, p= 
0.08). There were no significant group differences in 
depression scores during this 1-week withdrawal pe- 
riod (table 2). The number of patients in full clinical 
remission during the withdrawal period fell from eight 
to two in the red light visor subgroup and from 1 1 to 
five in the white light visor subgroup. Although a 
greater percentage of patients treated with red light vi- 
sors appeared to relapse after treatment discontinu- 
ation (75.0% versus 54.5%), this difference could have 
easily occurred by chance (p>0.74, Fisher's exact test). 

Overall, no statistically significant differences were 
found between patients assigned to red or white light 
visors in either their degree of treatment response or 
withdrawal. These negative findings were based on age- 
covaried analyses, since age exerted a significant effect 
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on initial scores and degree of response of the scores for 
atypical depressive symptoms. No differences emerged 
between groups without age correction or with addi- 
tional covariates for gender or initial expectation. In 
short, we could find no evidence for a therapeutic dif- 
ference between dim red or bright white light visors. 
Given the group size and variability of the measures, 
this study had sufficient statistical power (0.80) to de- 
tect a difference of 17 points between visor groups in 
degree of improvement, with a=0.05 (12). A priori, we 
assumed that there would be a 20-25-point difference 
in percent improvement between an effective treatment 
and a placebo. Since there was less than a seven-point 
difference between visor types and it was in the wrong 
direction (i.e., dim red light showed greater improve- 
ment than bright white light), a type II error is unlikely. 



DISCUSSION 

We sought to ascertain whether the phototherapy 
light visor was more effective than placebo treatment by 
using, in our best judgment, a credible placebo that 
should have exerted no direct therapeutic effect. Thus, 
the red light visor was designed to be as dim as possible 
but still perceptible and believable. Evaluation of initial 
expectancy scores indicated that this was a credible pla- 
cebo, since patients had the same expectations for 
therapeutic effect with the red light visor as they did 
with the brighter white light visor. To our surprise, 
both visors exerted equal therapeutic effects. 

Our findings, which demonstrated comparable effi- 
cacy of two phototherapy visors of different intensities, 
were remarkably similar to previous studies that evalu- 
ated the efficacy of phototherapy visors (6, 7). Overall, 
no significant differences have been found between vi- 
sors of different intensities and light colors on degree of 
therapeutic response. 

There are three major ways of interpreting this find- 



ing. The first hypothesis is that the light visor is noth- 
ing more than an elaborate placebo. We cannot reject 
the null hypothesis, since we have failed, despite our 
best efforts, to find any association between the inten- 
sity or spectral properties of the visor and therapeutic 
effect. It is well known that the process of adjusting 
light intensity in the context of a research study exerts 
beneficial effects on human performance whether the 
intensity is raised, lowered, or left unchanged — a phe- 
nomenon known as the Hawthorne effect (13). This 
paradigm serves as an important reminder that "pla- 
cebo" response is not limited to medications or medi- 
cal treatments, and a Hawthorne effect may well ex- 
plain the results of the visor studies. The only factor 
that leads us to entertain possible alternative explana- 
tions is the fact that the therapeutic response rate to the 
placebo condition in this study (39.3%) was substan- 
tially greater than what has been found in previous 
controlled studies. For instance, pharmacological pla- 
cebos have been used in two published studies (involv- 
ing 37 patients) that provide individual data (14, 15). 
Complete recovery rates with drug placebos were only 
15.8% and 16.6%, respectively. Dim white light box 
placebos (5-300 lux) have been used in six studies (66 
patients), with average recovery rates of 13.6% (3). 
Red light treatments have also been used in three stud- 
ies (37 patients), with average recovery rates of 18.9% 
(3, 9, 10). Hence, previous placebo-controlled studies 
have indicated only a modest recovery response rate of 
15.7%, versus a 40.4% recovery rate in the present 
study (p<0.0005, Fisher's exact test). It is possible that 
wearing a light visor might provide a sufficiently novel 
and interactive experience so as to create a greater pla- 
cebo effect than seen with light boxes in earlier studies. 
On balance, response to both red and white light visors 
was not significantly different than recovery rates after 
active treatment with 2,500 lux for 2 hours each morn- 
ing, which produced an average recovery rate of 53% 
across 17 studies that involved 172 subjects (p>0.12, 
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Fisher's exact test |3|). In short, if the visor is merely 
a placebo, we need to explain the unusually high re- 
sponse rates. 

One possibility is that the placebo response rate may 
be rising over time as the general population becomes 
more familiar with the concept of seasonal depression, 
which is supported by results of the most recent phar- 
macological studies. Oren et al. (16, 17) observed in 
two recent double-blind, placebo-controlled trials that 
five of 12 patients who received placebo in an L-dopa 
study and four of 13 subjects who received placebo in 
a trial of cyanocobalamine showed complete clinical 
recovery (at least a 50% reduction in score on the 
Hamilton depression scale and a final score of less than 
8). Thus, these most recent studies suggest that re- 
sponse of patients with seasonal affective disorder to 
pharmacological placebo may have increased from 
about 16% in 1988-1989(14, 15) to 36% at the pres- 
ent time. If the placebo response rate to sham pho- 
totherapy has increased to a similar extent, it is cer- 
tainly conceivable that the 40.4% recovery rate (for 
subjects given red and white light visors) observed in 
the present study is largely a placebo response. It is also 
possible that other uncontrolled factors (instructions 
to patients, degree of rapport, presumed reputation of 
investigators or institutions) may have elevated the 
placebo response rate in this study. 

An alternative hypothesis is that the dim red light 
visor is a moderately effective treatment for seasonal 
depression that works through an unusual mechanism. 
Visor illumination comes in indirectly from above and 
probably illuminates a narrow region of the retina out- 
side of the fovea. It is conceivable that the visor may 
be stimulating a portion of the retina most involved in 
the retinal-hypothalamic pathway. It is also likely that 
the visor may stimulate a portion of the retina heavily 
populated by rods that are sensitive to dim red light. 
The visor differs from the light box in that it maintains 
a fixed relationship and a fixed proximity to the eyes. 
Also, use of dim red light in the early morning, shortly 
after awakening, may allow the treatment to occur 
while the eyes are still dark adapted. Brighter white 
light, from visor or light box, probably produces rapid 
light adaptation. Thus, it is conceivable that dim red 
light may be effective through a number of retinal 
mechanisms. 

A third alternative is that the light visor may function 
as a moderately effective treatment for seasonal depres- 
sion, but its efficacy may have little or nothing to do 
with its photic properties. Some evidence suggests that 
light therapy may work by enhancing or entraining Or- 
cadian rhythms, which may be attenuated (18), phase- 
delayed (19), or poorly entrained (20) in patients with 
seasonal depression. Bright white light may be an effec- 
tive stimulus that corrects these circadian abnormali- 
ties. The ritual of donning a light visor, at a fixed time 
in the early morning, may function as a zeitgeber (time 
cue) that also affects the circadian clock. 

Overall, the efficacy of light visor treatment has been 
assessed in three controlled trials that involved seven 



centers and 217 patients. On average, light visors (in- 
cluding placebos) have produced full clinical remission 
for about 40% of patients. Therapeutic outcome ap- 
pears to have no direct relationship to intensity (from 
30 lux to 6,000 lux), color (red versus white), or dura- 
tion (30-60 minutes). Visor treatment appears to be 
better than early placebos (15.7% recovery rate, N= 
140), at least as effective as 30-minute treatment with a 
2,500-lux light box (31% recovery rate, N=65 |5|), and 
almost as effective as 2 hours of 2,500-lux morning 
light (53% recovery rate, N=172 |3|). On the other 
hand, the visor appears to be less effective than 30 min- 
utes of 10,000-lux morning light (79% recovery rate, 
N=24 [51), and was no more effective than drug placebo 
used in two recent double-blind studies (36% recovery 
rate,N=25 [16, 17|). 

For clinicians who treat patients with seasonal affec- 
tive disorder, it should be noted that the Bio-Brite light 
visor sold commercially is structurally different from 
the research light visor used in the multicenter studies, 
but there is no reason to believe that its effectiveness 
would be any different. The limited state of our knowl- 
edge indicates that visor treatment is well tolerated (6, 
21 ), and its use is accompanied by a moderate reduction 
in depression ratings, although this benefit may be 
largely or entirely a placebo response. The lack of rela- 
tionship between visor intensity and response rate 
places the clinician in a bind, since we have no guide- 
lines on how to adjust the light visor to optimize effec- 
tiveness. On balance, 30 minutes of 10,000-lux light 
therapy daily from an angled light fixture appears to be 
a better first choice for treatment of seasonal affective 
disorder. Light visors may be useful for patients who 
travel extensively and require portable treatment. How- 
ever, we must keep in mind that the results from three 
multicenter studies provide no scientific evidence that 
the light visor affords greater therapeutic efficacy than 
placebo. The light visor appears to function quite dif- 
ferently from the light box, in which there is a direct 
relationship between intensity and clinical response (3). 
The 10,000-lux light box produces a twofold greater 
complete remission rate than the visor (5), and our con- 
cerns about the light visor acting as a placebo do not 
extend to the light box. 
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Prophylactic Treatment of Seasonal Affective Disorder 
(SAD) by Using Light Visors: Bright White or 
Infrared Light? 

Ybe Meesters, Domien G.M. Beersma, Antoinette L. Bouhuys, 

and Rutger H. van den Hoofdakker 



Background: Thirty-eight patients with SAD participated 
in a light visor study addressing two questions. 

1. Can the development of a depressive episode be pre- 
vented by daily exposure to bright light started before 
symptom onset in early fall and continued throughout 
the winter? 

2. Does the light have to be visible in order to have 
beneficial effects? 

Methods: Three groups participated in the study: I (n = 
14) received bright white light (2500 ha); II, (n = 15) 
received infrared light (0.18 lux); III (n = 9, control 
group) did not receive any light treatment at all 
Results: Infrared light is just as effective as bright white 
light. Both are more effective than the control condition. 
Conclusions: Light visors can be effectively used to 
prevent the development of SAD. The fact that exposure to 
infrared light was as effective as exposure to bright white 
light questions the specific role of visible light in the treat- 
ment of SAD. Biol Psychiatry 1999;46:239-246 © 1999 
Society of Biological Psychiatry 

Key Words: Seasonal affective disorder, prophylactic 
treatment, light treatment, light visor 



Introduction 

Seasonal affective disorder (SAD, winter type) is a 
syndrome recurring almost every year, with symptoms 
in autumn and winter, followed by a complete recovery 
every spring and summer (Rosenthal et al 1984). Light 
therapy has been shown to be a very effective treatment 
(Terman et al 1989; Tam and Lam 1995). Because of the 
-almost-predietable-Gourse-of-the-syndrome,-research-was- 
performed to find a way to prevent the winter symptoms. 
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Light exposure at an early stage of a depressive episode 
can prevent the emerging winter depression (Meesters et al 
1993). Terman et al (1994) were unable to replicate these ' 
findings but found that a subsequent episode of winter 
depression was postponed by light therapy administered 
after the first signs of a depressive episode. Light treat- 
ment administered at a time before the winter season 
(when the patients were free of symptoms) was ineffec- 
tive, however (Meesters et al 1994). This study presents 
the results of a design where patients used light visors at 
home in the winter season. This is in line with our earlier 
studies on light treatment and the possible prevention of 
winter depression. 

Light visors are portable head-mounted devices, which 
have been shown to be successful in the treatment of 
winter depression (Mclntyre et al 1990; Ravaris et al 1994; 
Rosenthal et al 1993; Joffe et al 1993; Stewart et al 1990; 
Levitt et al 1994, 1996; Teicher et al 1995). The reported 
response rates in these studies ranged from 36% to 58%. 
Stewart et al (1990) and Levitt et al (1996) did not find any 
differences between the treatment responses to a light 
visor and a conventional light box. When used as a 
maintenance therapy after successful intervention by 
means of light boxes, light visors induced the same 
response level as light boxes (Clark et al 1996). 

The mechanisms underlying the effects of light treat- 
ment in SAD are still unclear. The response to light 
treatment may be a placebo effect (Eastman 1990). Light 
visor treatment has been shown to be effective for a 
variety of bright white light intensities (Joffe et al 1993; 
Rosenthal et al 1993; Levitt et al 1994) and colors (Teicher 
et al 1995). Levitt et al (1994) used red light (660 nm) 
- from- a-light-emitting- diode-in-a-head-mounted-device- and- 
did not find any differences between the therapeutic 
responses to light with intensities of 4106 lux and 96 lux. 
In the study of Teicher et al (1995), it was found that the 
response to low-intensity red light (>600 nm) was at least 
equal to the response to bright white light. In extrapolation 
of those findings, we raised the question of whether it is 
necessary for the light to be visible to achieve beneficial 
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effects. Exposure to infrared light (>700 nm) might also 
be effective. 

In view of these considerations, a light visor study was 
designed addressing the following questions. 

1. Can the development of depressive episodes be 
prevented by daily exposure to bright light initiated 
before symptom onset in the early fall and continued 
throughout the winter season? 

2. Does the light have to be visible to have beneficial 
effects? 



Methods and Materials 

Fifty SAD out-patients gave their consent to take part in the 
study (30 in the winter season of 1993-94; 20 in the winter' of 
1994-95). All were free of drugs and diagnosed as suffering from 
seasonal affective disorder according to the criteria of Rosenthal 
and co-workers (1984), and seasonal pattern according to the 
DSM-III-R (APA, 1987) and suffered from regular annual 
depressions. The time of consent was September and the study 
started in October. At that time, four patients had already 
developed a depression and were unable to take part in the 
experiment for that reason. The remaining 46 patients were 
assigned to one of three conditions. 
Condition 1: Exposure to bright white visor light (BL; n = 
14; 2 men, mean age 41.0 yrs ± 12.7; 12 women, mean age 
39.5 yrs ± 9.3) 
Condition 2: Exposure to infrared light (IR) by means of a 
light visor equipped with a Kodak Wratten filter (type 89b, 
720 nm) (re = 15; 5 men, mean age 35.4 yrs ± 6.9; 10 
women, mean age 36.6 yrs, ± 4.9) 
Condition 3: No light exposure (CON); no light visor pro- 
vided (re = 9 ; 4 men, mean age 47.5 yrs ± 7.0; 5 women, 
mean age 39.4 yrs ± 8.0) 
Figure 1 shows the spectral power distribution of the two light 

The first winter, equal numbers of patients were randomly 
assigned to all three conditions. Because of the limited number of 
participants we were able to recruit the second winter, we 
decided to assign twice as many patients to each of the light 
conditions as to the control condition. This assignment was also 
random. 

All patients were known SAD patients who had had successful 
conventional light treatments in previous winter seasons. Evi- 
dently, the patients in the untreated control group ran a consid- 
--.erabIe.risk..of-becoming-depressed^.This.group,..therefore,j:epre-_ 
sented a kind of waiting-list control group. From previous 
sUidies, it is known that not every SAD patient becomes 
depressed every year (Thompson, 1989; Meesters et al 1993). It 
is therefore important to collect data concerning this type of a 
waiting-list control group. Statistically, the subjects of the three 
groups did not differ in age, gender, or season of participation 
(ANOVA). 

Eight subjects dropped out during the experiment for the 
following reasons: one failed to wear the light visor; one started 
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Figure 1. The spectral power distribution of bright white light 
and infrared light from a light visor. 

using medication; one patient in the control condition was treated 
with light therapy at her own emphatic request (light box) after 
reaching a BDI score 2:13 in 1 week instead of 2 weeks; another 
five patients stopped participating because of reasons unrelated 
to their illness, such as a lack of motivation to keep scoring 
self-rating scales when in a healthy mental state, moving to a new 
home, etc. In the bright light condition, four subjects dropped 
out, in the infrared condition, three, and one subject in the control 
condition. We do not have systematic information on the 
drop-outs for the rest of the season. 

The light visors were manufactured by Bio Brite Inc. (Be- 
thesda, MD, USA). They contained two krypton incandescent 
bulbs powered by a rechargeable battery. Subjects used them 30 
min daily (except on Saturdays and Sundays) between 6:00 and 
9:00 am. 

This study was a field study. Light treatment was part of every 
day life. Participants were asked to choose their own fixed 
treatment time in their daily routine. They registered this time 
during the season. 

Mood was assessed weekly by means of the Beck Depression 
Inventory (BDI, 21-item version, Beck et al, 1961; 1979), and a 
translated version of the SIGH-SAD-SR (29-item version, Wil- 
liams et al 1992). Patients reaching a BDI score of >13 in 2 
_consecutLv.ejKe.eks..w^ 



sive episode. If patients reached a BDI score of S22, they w 
considered to be severely depressed, and left the study at that 
moment. They were offered light treatment in the clinic. As 
statistical procedure, the Kaplan Meier Survival Analysis was 
used (Kaplan and Meier 1958). 

In our first studies we used the BDI (Beck etal 1961; 1979) to 
assess the severity of depression. Terman and co-workers (1994) 
compared the scores of the BDI with scores of the SIGH- 
SAD-SR (Williams et al 1992) and found some differences. 
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Patients with relatively mild depression si 
BDI appeared to be more severely depressed on the basis of the 
SIGH-SAD-SR scores. Data of the present study allow compar- 
ison of the scores of the BDI and the SIGH-SAD-SR. Following 
Terman and co-workers (1994), we assumed that a SIGH- 
SAD-SR score of £20 is equivalent to a BDI score of £13 and 
a SIGH-SAD-SR score of £40 is equivalent to a BDI score of 
£22 (severe depression). 

Results 

BDI 

Thirty-six percent (5 out of 14) of the patients in the bright 
light condition developed a depression (one of them 
severe), against 7% (1 out of 15) in the infrared condition 
(severe) and 78% (7 out of-9) in the control condition (6 of. 
them severe). Figure 2A shows the average BDI scores per 
condition. 

According to a Kaplan Meier Survival Analysis, the 
results in the infrared light condition were significantly 
better than those in the bright white light condition 
(Breslow stat.: 4.38; df = 1; p = 0.04). Similarly, the 
results in the ER condition were better than the results in 
the control condition (Breslow stat.: 17.81; df = 1; p = 
0.000). Finally, there was a statistically significant dif- 
ference between the results of the bright white light 
condition and the results of the control condition in favor 
of the light condition (Breslow stat.: 8.85; df = 1; p = 
0.03) (Figure 3A). 

In the IR condition, only one subject became depressed. 
Therefore, it was not possible to perform multiple pairwise 
comparisons. No significant correlations (Spearman) were 
found between age or gender on the one hand, and the 
outcome measures on the other. 

SIGH-SAD-SR 

When we used the SIGH-SAD-SR criterion, the results 
were slightly different. Forty-three percent of the patients 
(6 out of 14) in the bright light condition became de- 
pressed (one of them severe), 33% (5 out of 15) in the 
infrared condition (one of them severe) and 67% (6 out of 
9) in the control condition (3 severe) (Figure 2B). 

Kaplan Meier Survival Analysis showed no difference 
between the results of the two light conditions. The results 
in the infrared condition were significantly better than 
._those.in-mecontxoLconditiQrL(Bjeslo3y_.stat,L5..55.;j3f^.;.. 
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p — 0.02). The results of the bright white light condition 
showed a tendency to be better than those in the control 
condition (Breslow stat.: 3.21; df = 1; p = 0.07) (Figure 
3B). 

BDI Versus SIGH-SAD-SR 

Six patients reached the SIGH-SAD-SR criterion but 
failed to reach the BDI criterion for recurrence of a 
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Figure 2. The course of mood during the winter season as 
assessed by means of the BDI (A) and the SIGH-SAD-SR (B). 

depressive episode. Two patients who reached the BDI 
criterion did not reach the SIGH-SAD-SR criterion. The 
larger number of patients who reached the SIGH-SAD-SR 
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Figure 3. The survival curves based on the BDI criterion (A) and 
" the SIGH-SAO-SlT'crftenon (BY. 



criterion is mainly due to their scores on the atypical 
symptom items in that questionnaire. These symptoms are 
not assessed by means of the BDI. Thirteen subjects in this 
study reached our BDI criterion for depression. Ten of 
them (77%) had a score of &5 on the atypical score 
section of the SIGH-SAD-SR. 
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Figure 4. The mean time schedule, compared to sun-up times, of 
the bright white and infrared light conditions with patients 
wearing light visors during the winter season. 

Timing 

At the end of the two winter seasons it became clear that 
there was a difference between the two groups in the times 
of day they had used the light visor. The BL group started 
light exposure at a mean time of 7:55 am, the IR group at 
7:10 am. This difference is statistically significant (two- 
tailed r test: 2.64, p = 0.014; see Figure 4). 

Subjects who became depressed according to the BDI 
criterion were offered light treatment by means of light 
boxes in the out-patient clinic of the hospital. In some 
subjects, the depression seemed to have come about by 
events unrelated to the seasons. The father of one of the 
subjects in the bright light condition died that winter 
season, while at the same time her own business was going 
into bankruptcy. A subject in the infrared condition 
became depressed after his wife suddenly left him. These 
---kind-of--life-events-cannot-be-avoided-in-a-fieId-study..-On— 



the other hand, it is unlikely that the change of mood 
induced by these events can be treated with light. From the 
other 11 subjects who became depressed, 6 received light 
treatment and responded successfully. These 6 subjects all 
participated in the waiting-list control group. The other 5 
subjects did not accept the offer of light treatment and 
stayed depressed for 2, 2, 2, 4 and 5 weeks (with BDI 
scores ranging from 13 to 17), respectively. 
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Discussion 

Prophylaxis 

This study demonstrates that SAD patients wearing a 
light-emitting visor in winter develop fewer symptoms 
than waiting-list control subjects. We were unable to settle 
the question of whether these results should be interpreted 
in terms of prevention of symptoms, or maintenance 
therapy. We do not see how we can distinguish these 
interpretations, and have pragmatically chosen the term 
prophylactic treatment for our approach. 

A light visor emitting infrared light seems to provide at 
least as much protection as a light visor emitting bright 
white light. This finding is in line with the data of Teicher 
and- colleagues (1995), who failed to find a statistically 
significant difference between the response to a light visor 
with white light (600 lux) and a light visor with dim red 
light (> 600 nm, 30 lux). The fact that both light visor 
conditions are more effective than the control condition, 
leads to the conclusion that light visor treatment can be 
used as a prophylactic intervention for SAD patients. 

The possibility of using light treatment as a prophylactic 
tool was also reported recently by Partonen and Lonnqvist 
(1996) and Clark and co-workers (1996). Although the 
course of the symptoms is significantly better in the 
treatment conditions than in the control condition, this 
does not mean that the present design provides optimal 
prophylaxis. Not all patients remained symptom-free dur- 
ing the winter season. In the bright light condition, 
according to the BDI scores, 36% of the participants 
became depressed and in the IR condition 7%. According 
to the SIGH-SAD-SR, even more participants reached the 
criterion of depression (BL 43% and IR 33%). In both 
conditions, one participant became severely depressed. 
Our data are in line with those found in a comparable 
study in which 28% of the subjects became depressed in 
spite of prophylactic exposure to light (Kjellman et al 
1997). 

The relatively high number of depressive episodes 
occurring in the light conditions is unexpected. A 5-day 
light-box treatment applied at the first signs of a depres- 
sive episode was previously shown to prevent a severe 
depressive episode during the remaining part of the winter 
season (Meesters et al 1993). Since the present light visor 
• treatment-started before symptom enset-and-so-eovered-the- 
phase of an emerging depression, an equal preventive 
potential would be expected. Furthermore, many light-box 
studies have demonstrated that an average treatment pe- 
riod of 4 to 5 days usually suffices to induce a substantial 
therapeutic response (Meesters et al 1995). Following this 
line of reasoning, the continued application of the light 
visor should have been sufficient to suppress the emerging 
depression in all patients. Apparently, there are differences 



in efficiency between our previous light-box treatment and 
the present light visor treatment. One of the differences is 
the fact that in our earlier studies light boxes were applied 
in the out-patient clinic whereas the light visors in this 
study were used at home. This might be an important 
aspect. Obviously, patients treated clinically by an expert 
receive more attention and perceive more security. 

Spectral Properties of Light 

In our two light visor conditions the light spectrum differs 
(>400 nm versus >720 nm), while the therapeutic re- 
sponses do not. The SAD literature on the therapeutic 
significance of the spectral properties of light is confusing. 
We list the studies in this area. Teicher et al (1995) found 
no differences between the results of white and dim red 
light visor treatment, but Brainard and co-workers (1 990), 
using light boxes, reported a superiority of white light over 
blue or red light in a study comparing the effects of 
different wavelengths. Also using light boxes, Oren et al 
(1991) found green light to be superior to red light, while 
Rice and al (1991) concluded that green light was less 
effective than full spectrum light. No difference in re- 
sponse was found to treatment with cool white light and 
broad spectrum fluorescent light of light boxes (Bielski et 
al 1992). Lam and colleagues (1992) observed that the 
ultraviolet part of the spectrum did not increase the 
antidepressant response to light treatment using light 
boxes. Avery and co-workers (1994) reported the superi- 
ority of white over red light in a study on the effects of 
dawn simulation. Obviously, the data on the spectral 
sensitivity of SAD patients are inconsistent. Theoretically, 
it is possible that each kind of light source used has its own 
optimal spectral composition, so we cannot compare the 
results of different wavelengths emitted by different light 
sources. Since Stewart and colleagues (1990) and Levitt et 
al (1996) found no difference in therapeutic response 
when comparing the effects of exposure to light of light 
boxes with the effects of exposure to the light of light 
visors, we do not believe that that is very plausible. 

The finding that the effects of the two light treatment 
conditions did not differ, raises some doubts about the 
assumption that the perception of light plays a significant 
role in the therapeutic mechanism that is responsible for 
— the-results. Can- we expect-IR-light -to play-any-role at-all?- 
Inou6 and Kabaya (1989) reviewed the effects of far 
infrared radiation (4 to 16 |xm) and concluded that these 
rays are "biologically active" in various ways. Almost 
every light fixture produces light with an infrared compo- 
nent, So, our data indicate that, if light is crucial to the 
response, it must be that component which is crucial, 
However, infrared light is beyond the visible range of the 
spectrum. The 720 nm filter in our light visor still 
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transmitted some visible light. However, its visibility was 
virtually negligible (0.18 lux). The conclusion of this 
study might therefore be that the perception of light does 
not play a role in the therapeutic mechanism. Infrared 
might be effective through pathways other than those 
involved in perception. 

Circadian Mechanisms 

The effect of low-intensity red light on the human circa- 
dian pacemaker has recently been demonstrated by Zeitzer 
et al (1995), Exposure to nocturnal dim red light creates a 
phase advance comparable to the phase advance after 
exposure to white light. This finding would be consistent 
with the possibility that the circadian pacemaker'plays a. 
role in the mechanism underlying the effects of light 
therapy. But even when the effects are induced by invis- 
ible light, this kind of interpretation would be inconsistent 
with other studies that show that therapeutic effects of 
light are unrelated to the timing of light exposure (Wirz- 
Justice et al 1993; Meesters et al 1995). Curiously enough, 
though, the participants in the IR condition selected the 
time of light exposure about 1 hour earlier than the 
participants in the bright light condition (Figure 4). At that 
time, the circadian pacemaker is thought to respond to 
light pulses with a larger phase advance than it does 1 hour 
later (Jewett et al 1991; Minors et al 1991). So, if, in fact, 
phase shifts of the circadian pacemaker are involved in the 
therapeutic response, this difference in time selection 
might explain why the response to IR light is slightly 
superior to the response to bright white light. However, it 
should be noted that the smallest light intensity for which 
phase responses of the pacemaker has been demonstrated 
in humans is 180 lux (Boivin et al 1996) while our IR light 
contained only 0.18 lux. It should also be remarked that, 
although phase shifts are seen as a marker of the effect of 
light on the circadian system, Amir and Stewart (1996) 
showed that phase shifts can also be induced by a 
conditioned stimulus. Obviously, the role of the circadian 
system is far from clear. 

In addition, it is not clear what part of the visual system 
receives the input signal to the circadian pacemaker. In 
animal studies the presence of photopigments in the retina 
was manipulated. In genetically manipulated mice, which 
-only-had -cone •cells -within-a-restricted-area-of -the-retina,- 
and no rod- cells at all, there still was a normal circadian 
response to light (Garcia-Feraandez et al 1995; Argamaso 
et al 1995). These cone cells degenerate with aging. 
However, circadian responses to light still appeared in 
aged mice with retinal degeneration (Proyencio et al 
1994). Whether, and in what way, the conclusions of this 
experimental approach in mice can be generalized to 
humans is unclear. 



Ise et al (1987) described that blood flow can be 
stimulated by means of far infrared radiation (4 to 16 p,m). 
Although far infrared differs from infrared light, the 
present results are interesting when considered together 
with the recent hypothesis of Oren (1996), who states that 
blood possibly plays a role as messenger of the effects of 
light on the brain. The infrared light in the dusk and dawn 
periods are thought to function as a kind of trigger for a 
circadian switch. Our data would seem to fit with this 
hypothesis that IR light can influence the circadian system 
and possibly the course of mood. Taken together, the 
considerations mentioned demonstrate that little is known 
about the circadian mechanism involved in the effects of 
light treatment. 

Other Mechanisms 

Other mechanisms may explain the beneficial treatment 
effects in SAD patients. Geerts and coworkers (1995) 
found evidence for the assumption that behavioral pro- 
cesses during the interaction between patients and inter- 
viewers measured prior to treatment may play a role. 
Bouhuys et al (1994) found that some cognitions as 
assessed in the autumn are involved in the timing of a new 
SAD episode. Expectations and cognitions may also have 
played a role in the present study. Unfortunately, we did 
not assess the subjects' expectations about the therapeutic 
potential of the light fixtures at the beginning of the study, 
and we did not assess cognitions about the significance of 
light and darkness for their mental well-being. Wearing a 
light visor (during the winter for 5 days/week) implies that 
patients are actively engaged in protecting themselves 
from depression. Non-SAD depressed patients benefit 
from self-help techniques, where they also take an active 
part in their treatment (Gould and Clum 1993). Therefore, 
patients' active involvement with concomitant cognitions 
and expectations, rather than the exposure to light, may 
explain why the two light visor treatments are superior to 
the control condition. 

It is still possible that placebo effects entirely account 
for the therapeutic outcome. Compared to a light-box, a 
light visor looks like an "ingenious" fixture, and the 
infrared light makes it even more special. These effects 
might account for the results (Eastman 1990). This line of 
-reasoning- ■is-consistent-with -the-fact .-that_until~now_no- 
dose-response relationship has been observed in light visor 
studies (Joffe et al 1993; Teicher et al 1995; Rosenthal et 
al 1993; Levitt et al 1994). In an experiment using an 
inactivated ion-generator to treat SAD patients, Eastman 
and co-workers (1992) reported positive results, indicating 
that placebo treatments are effective in SAD and that the 
results are similar to those of light treatment. In a study 
comparing the results of exposure to a light box and a 
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head-mounted light fixture, both in a version with visible 
light and a version without any light, Levitt et al (1996) • 
did not find a statistically significant difference between 
the four conditions. Recently, Eastman and colleagues 
(1996) claimed that a 4-week period of light treatment is 
more effective than a placebo. Yet, the groups in that study 
only differed with respect to the numbers of patients who 
reached a remittance criterion; but not with respect to the 
final treatment outcome after 4 weeks. Richter et al (1992) 
found that the effects of real morning light were not 
different from those of imaginary morning light immedi- 
ately after the treatment. However, 10 days after treatment, 
real light turned out to be superior. Considering this area 
of research makes it clear that the issue of the placebo 
effects of light treatment has not- been settled yet. 

A final topic to be discussed is the comparison of BDI 
criterion for depression and the SIGH-SAD-SR criterion. 
In this study, 17 out of 38 subjects became depressed 
according to the SIGH-SAD-SR criterion and 13 accord- 
ing to the BDI criterion. For a psychometric comparison of 
the two questionnaires, the sample size is too small. 
Nevertheless, our data are consistent with the statement of 
•Terman et al (1994) that the BDI is less sensitive in 
detecting a depressive episode in SAD patients than the 
SIGH-SAD-SR. 

In conclusion,, the present study demonstrates that 
visible light is not a prerequisite for the therapeutic 
response of SAD patients to light treatment. Whether IR 
light is a critical therapeutic factor remains to be investigated. 
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A Description of the Syndrome arid Preliminary 
Findings With Light Therapy 
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• Seasonal affective disorder (SAD) Is a syndrome charac- 
terlzed by recurrent depressions that occur annually at the 
same time each year. We describe 29 patients with SAD; most 

' of them had s bipolar affective disorder, especially bipolar II, 
' and their depressions' were^eneratly. characterized by hyper- 
somnia, overeating, and carbohydrate craving and seemed to 
respond to changes In climate and latitude. Sleep recordings 
in nine depressed patients confirmed the presence of hyper- 
somnia and showed Increased sleep latency and reduced 
slow-wave (delta) sleep. Preliminary studies In 11 patients 
suggest that extending the phptoperiod with bright artificial 
light has an antidepressant effect. 
(Arch Gen Psychiatry 1984;41:72-80) 

In this article, we define seasonal affective disorder 
(SAP), which is a condition characterized by recurrent 
depressive episodes i that occur annually. Numerous in- 
vestigators have shown a strong association between the 
seasons and the incidence of depression, 1 "" mania,"" 4 and 
suicides and suicide- atfempts, 5 *^ ;.and these associations 
have been well reviewed. 19 - 24 However, little has-been writ- 
ten about patients who experience affective episodes in 
association with the changing seasons year after year. We 
describe. 29 patients who suffered depressions in fall and 
winter; these depressions remitted by the following spring 
or summer. We report our preliminary attempts to modify 
these depressions by manipulating environmental lighting 
conditions. We have recently reported reversing depression - 
in one patient with SAD by modifying his environmental 
lighting. 26 ' 28 

METHODS 

A pilot study of the effects of light on winter depression' was 
carried out by one of us (P.S.M.) with a 29-year-old woman who 
regularly suffered depressions every winter and hypomanias every 
spring since early adolescence. These cycles were strongly affected . 
by the relative latitude of her residence: The further north she 
lived, the earlier these depressions began in the fall, the more 
severe were her svmptomS, and the longer these symptoms would 
persist into . the ' next spring. On two occasions, this patient 
reported a complete disappearance of these winter symptoms 
within two days of arrival in Jamaica on vacation. Early-morning 
light therapy (around 5 aim to sunrise) was used successfully in late 
August 1980, when her next depressive cycle had just started. This 
therapy has continued to be beneficial during the fall and winter 
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seasons up to the present time. This pilot study, together with the 
extensive clirueal. observations of one of us (P.S.M.) and a further 
pilot study, conducted at the National Institute of Mental 
Health, 55 ' 85 encouraged us to seek other similar patients iii the 
community. We did this by means of a newspaper article 
(Washington Post, June 12, 1981, section E5) in which the details of 
the patient mentioned previously were described. In the article, 
we suggested that changes in the'light might be responsible for the 
mood changes and invited persons with seasonal mood changes to 
contact us. More than 2,000 persons replied, and they were sent 
screening questionnaires. We screened suitable persons and in- 
cluded those with (1) a history of major affective disorder, accord- 
ing to the Research Diagnostic Criteria (EDCf: (2) at least two 
consecutive years in which depression had developed during the 
fall or winter and remitted during the following spring or summer; 
' arid (3) residence close enough for us to maintain adequate commu- 
nication. 

Twenty-nine patients , met these inclusion criteria. Detailed 
histories were taken from these patients, and structured question- 
naires that inquired about their seasonal cycles were administered 
to them. We admitted a subgroup (n=9) to our inpatient unit 
during the summer months for EEG sleep studies. 28 Standard 1-mg 
' dexamethasorie suppression tests (1 mg of dexamethasorie), 28 arid 
protirelih (thyrotropin-releasing hormone) infusions (500 p-g) 
wereadministered at least one week apart from each other to seven 
patients. The only criteria taken into account in deciding which 
patients to admit were willingness to participate and availability of 
beds. Patients were followed up at regular clinic visits, with the 
frequency of visits being determined by clinical need and research 
requirements. During the winter months, all of these studies were 
repeated. As patients began to feel depressed, the 23-item 
•Hamilton Rating Scale (HRS) a was administered to them regu- 
larly, and they eompleted+the Beck Depression Inventory (BDI) 
on a weekly basis. Patients who becarhe moderately depressed for a 
period of at least two weeks were offered experimental light 
treatment. This wasa clinical judgment, but as it happened, all -of 
these patients had an HRS score of at least 14. 

■ The following light treatment was administered. Two-separate 
kinds of light were used: (1) bright, white full-spectrum fluorescent 
light (approximately. 2,500 lux at 90 cm); and (2) . dim yellow 
fluorescent light (approximately 100 lux at .90 em). The light 
originated from eight fluorescent lamps.in a rectangular metal case 
with a plastic diffusing screen, The lights were placed in a room m 
the patient's home, either standing vertically on . the floor or. 
horizontally on a flat surface. Patients were randomly assigned to 
one or the other lighting condition. The patients were instructed to 
sit in front of the lights for three hours before dawn and three hours 
after dusk, though this was not always possible because of work 
and family demands. Patients were requested not to sleep. but to 
do some sort of work or recreation about 90 to 180 cm from the 
lights and to glance at them from time to time. Patients were seen 
" on a weekly basis, and the HRS was administered by psychiatrists 

(D.A.S., T.A.W., and J.C.G.) who were unaware of the treatment 

C0 A d fter two weeks of the first light treatment, a clinical judgment 
was made as to the patient's response by .the treating psychiatrist ■ 
(N E R ) If obvious clinical improvement had occurred (a judg- 
ment made on clinical grounds, but always constituting a decrease 
of at least four points on the HRS, resulting in a score- of less than 
15), lights were, withdrawn for at least a week, at which time: the 
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Table 1.— Clinical and Demographic Features and 
Family History of Patients with SAD* 



Sex, No. (%) . 
Mean±SD age, yr 
Mean±SD age at onset, yr 
Mean±SD No. of seasonal 

Pattern of annual cycles 
Onset, mo (%) 



o (%) 



.Meani SO. length of 

depression, mo 
Depression: changed over . 

•Depression. milder near 

equafoi; No* (%) . 
RDC dlaigrfdsis; No. (%) 

Pi^tous'treatrhent, No. (%) 
: Anttdeptessants 

Lithium carbonate 

Thyroid 

Hospitalization 
' ECT " 
. .-■ No. treatment 
Family history; No. (%)f 

Affective disorder 



" F, 25 (86); M, 4 (14) 



Sept (7),, Oct (21), Nov (29), 

Dec (29), Jan (14) 
Jan (11), Feb (11), March (54), 

April (21), . May (3) 



■ *Number and percentage of patients are given throughout. SAD indicates 
seaisphal affectlvs disorder; RDC, Research Diagnostic Criteria; and ECT, 

■ .electroconvulsive therapy. •■■•''' 

fFirst-degree relative. ' 



■ second type of light treatment was administered. If improvement 
;* : rJid : not occur, the second type of light treatment was given without 

delay. Subjects were instructed to note the times when they were 
K m the light. Motor activity was monitored throughout the treat- 
■i ■ t by means of an ambulatory wrist activity monitor. 83 
Xj.;--; After both types of treatment had been given, patients were 
^^|i|it>wied to choose.to go. back on the type of treatment that they had 
found more helpful oi d > * - e t t r f 1 in 1 

p*\j\rt< I - itjonal rf'J !"!('<" ) t salt lit ilLitlu* * ! B 0 USS< 1 

fith the tei eye aminatioi cl i g 1 1 a m 
*"* n ^nnj o U ed tjnd \ rUj mirror 1 , ai 1 re 

i;ttl$$|pr photography of the retina; were performed before and after 
t ||ht ti atrrient 

RESULTS 
Clinical History 

llllplinical and demographic data are given in Table 1. Data were 
$?.orted as mea s±SDs Hie majority of the patients (86 ; in our 
*■ (ilatioi erewor en Th ieji ig was <■ >- 11. 2 years Thi 
r (fw numbe f previou j s was 9.5 + 7.4 iiiu ge wa 
t v -'° to 30 cycles. The mean age at onset was 26.9 = 13.2 years.. 
J Vee patients spontaneously reported a history .of seasonal 

■ :f^S^^^-Back to childhood (ages, 3, 9, and 12 years), but in 

les began .liter the ago of 20 yeais 
many patients were unable to pinpoint exactly when the cycles 
* » b au ( mood I di^t queni ere nila a ft t 1 
bee n r, ore *c e e with >r easing ge and 2) it c k sevei i) 
years to rec.ogn|^'. : the .refeurrent annual pattern of the cycle 
because of.the.Ip^TOterval'between episodes. Some patients had 
not been aware of the 'seasonal, or cyclical nature of their problem 
before reading the newspaper article. 

Depression started most frequently between October and De- 
cember, and symptoms ended most frequently in March. Some 
patients, however, experienced anticipatory anxiety as early as 
.July or August, months before the onset of a stable state of low 
mood and energy set in. Depression lasted an average of 3.9 
. months. . . .. 



Table 2.— Depressive Symptoms 

Symptom No.(%)of Patlei 

Affect 

Sadness 29 (100) 

Anxiety ZV{7Z) 

Irritability • 26 (90) 

Physical activity decreased . .29 (100) 

Appetite 



'■ Decreased! 

Mixed . 

No? change 
Carbohydrate craving 
Weight 



'.Mixed : ... 
.• .. No. change 

Sleep -. .-■•' 

'. Earlier onset ■.-.,'• 
lifter waking : 
Increased sleep time '• 
• Change in quality 

{interrupted,. not refreshing) 
Daytime drowsiness 

'Decreased libido ■ 

Difficulties around menses 

■ Work difficulties 

Interpersonaldilficulties • ■• 



26 (90) 
21 (72) 
20 (89) 
17(71). 



Seventy-six percent (22) of patients met a .lifetime RDC diag- 
nosis of bipolar: II affective disorder, 17% (five) of patients met the 
RDC for bipolar I affective disorder, 1 ahd prtly .t^o patients <7%) 
met the RDC for unipolar affective disorder: About half (47%) of 
the patients reported that their cycles had changed. over time.. Of 
this group, 61.5% (eight) of the patients said that their depression 
had become either more severe or longer in duration. ■ . 

Subjective symptoms are given in Table 2: AH subjects reported 
sadness and decreased physical activity during their depressed 
periods; 72% (21) experienced anxiety, and 90% (26) experienced 
irritability. In 66% (19) of the cases, appetite increased during 
depressions, while in 28% (eight). of the cases, it decreased, arid in 
one case, the picture was mixed. Only one patient reported no 
change /in appetite. Seventy-nine percent (23) of the patients 
described carbohydrate aving. Some eraye< veets ,a.nd choc 
late, whereas others preferred starches. Eating vas hot experi- 
enced as pleasurable; several patients used terms, such 'as t'coril- • 
ral.sion yi 3 d *pre xj t eat - >r t ted th t the 
ate .trior t get fip>n, "to* e v^rr " : |>> kut ^ 
Wei ht generalli incr feed i> irig lepre ioi ( I [221 f he 
cas , usually 2tp.5kf -ui.f p itient note'e ^afin themilde 
. stages/of depression, they ate more and gained.weight; however, as 
they became more" depressed, the reverse occurred. 

Most subjects reported leeping long (97%) v, - he} vere 
del e se going.tp sleep H l indwakin late (?, c) 

but not iff ip o. our rily 90%) Mr p. -it reported drew i 
ness' during the day (74%) and never felt refreshed and rested. 
Most patients , reported that the late' afternoon was a time of 
especially low energy and mood. 

Libido decreased in 69% (20) of the cases: Seventy-one percent 
(17) it! enstruating o s reported rn- ifficulti aroun< ' 
time of their periods. This was. usually premenstrual depression 
that occurred even when patients were' not seasonally depressed^ 

Almost all patients (n=28) (97%), reported difficulties at work 
during their depressions, arid ail experienced interpersonal diffi? 
culties. Despite work difficulties, patients were ■generally -able to 
keep their, jobs through the winter. Their ability to concentrate, 
feel motivated, and initiate projects was greatly impaired, how- 
ever, and many took sick leave at these times. 

Patients generally withdrew from others and; at times; became 
irritable and suspicious. A few of the single women reported an 
inability to keep a boyfriend through the winter; but no difficulty in 
finding another one during the .following spring or summer. 
Married patients reported .difficulty in maintaining their.share of 
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PERCENT OF SUBJECTS EXPERIENCING 




MONTH 



AVERAGE OAILY PHOTOPERIOD FOR . 
EACH MONTH IN ROCKVILLE. MD (39°) 




Pig .1 —Percentage of partients depressed per month (based on his- 
tory) compared with mean photoperiod in Rockville, Md (S'mithsbn- 
Ikri Radiation Biology Laboratory), and average daily temperature at 
Dulles Airport, Virginia (National Climatic Center, Ashevillo, NC). 
There is high correlation between percentage of patients depressed 
per monthand meariphotoperiod for that month (r= - .87, P<.001), 
which increases in one-month lag perioa between photoperiod and 
percentage depressed allowed (r= - .98). There is also high cor- 
relation' between percentage of patients depressed in any month 
and mean daily temperature for that month (r=-.98, 
P<.001). F indicates Fahrenheit at bottom; 39°, degrees of latitude 
noiji) of equator. 



responsibilities in the winter, whereas during. spring and summer, 
they would become energetic and demanding. These mood and 
energy fluctuations frequently produced tension in the marriage. 

Physical symptoms accompanied depressive episodes in several 
cases: a few patients reported joint pains or stiffness, three 
patients reported headaches, three patients reported constipation, 
and one patient reported muscle cramps. 

• About a third of the population (nine patients or 31%) had 
received no treatment for their seasonal problems (Table 1). 
Among the rest of the patients, past treatment included lithium 
carbonate and/or antidepressants in 12 patients (42%) and thyroid 
replacement in six patients (21%). Patients reported that they had 
varying degrees of response to both lithium carbonate and anti- 
depressants, but many chose not to try them again either because 
of side effects or a preference to try nonpharmacologic approaches. 
At. the time of the study, three patients. were taking lithium 
carbonate, and. one was taking phenelzine sulfate. Only three 
patients had a history of hospitalization (one was for mania, and 
two were for depression). No patient had received electroconvul- 
sive, therapy. ' ; 

Twenty-three patients had traveled north or south during the 
winter after the onset of their seasonal depressions. Of these, 19 
patients (83%) stated . that they.'.had: observed.a change in mood 
after such travel. Patients reported mood improvement a few days 
after arriving in the South (usually Florida or the Caribbean) and a 
'deterioration in mood a few days after returning to the North 
again. In a : few eases, the journey south was followed by hypo- 
mama. Three subjects reported a worsening of depression when 
they traveled north in the winter. One subject reported that when 
she lived in Morocco and Egypt, her depressions started a full 
month later and were milder than they had been in the north- 
eastern United States. She had also lived in Chile, where her 
depressions had occurred between June and September, ie, during 
the winter months in the southern hemisphere. . 

• Several patients related their seasonal depression to changes in 
day length or quality of environmental light. While many of these 
patients may have been influenced by the newspaper article, some 
had clearly recognized a "light hunger" before reading.it. One 
woman had been nicknamed "Lights" by her husband, because of 
her habit of turning on all the lights in the house on entering it. 
Another patient went to Florida to lie on the beach as much as 
possible during the winter. When this patient was unable to do so, 
she would dream' of sunbathing. Yet another patient termed the 
illness "the gray sky syndrome," and several patients reported a 
lowering of mood after three orfoiu- overcast days at any time of the . 
year. Although depressions occurred predominantly in the winter, 
brief depressive episodes associated with either poor weather or 
stressful life events at other times of the year did occur; however, 
these episodes were not as sustained, profound, or predictable as 
the typical winter depressions. A few patients believed that cold 
weather was at least as important as light in causing their winter 
depressions. ... 

. Patients reported those months during which they, generally felt 
depressed (Fig 1). A clear-cut seasonal distribution is apparent. 
There is a high correlation between the percentage of patients . 
depressed in any given month and themean monthly ; temperature 
(r= - .98, P<. 001) and 'length of the photoperiod (r= - .87, 
P<M1). If a lag of one month is allowed between the photoperiod 
arid the percentage of patients depressed, the correlation is even 
higher (r= -.98). '. 

Family History 

The majority (69%) of the patients reported a history of major 
affective disorder in at least one first-degree relative. There was a 
family history of SAD in a first-degree relative in only five cases 
(17%): There was a history of alcohol abuse in a first-degree relative 
in only two cases (7%). No other significant family history was 
reported. Data were not available on the total number of first- 
degree relatives. 

Follow-up Into Winter 

As the winter of 1981 approached, 18 patients gradually became 
depressed. In general, feelings' of being physically slowed down 



74 Arch Gen Psychiatry— Vol 41 , Jan 1 984 



Seasonal Disorder— Rosenthal et al 





. Table 3.— Clinical Features a 


nd Response to Bright White Light Trealment First* 




— — ! Hft 


re Response 


Patient/Sex/Age, yr 


Diagnosis BL WL W/D 


YL W/b Bright White Light Dim Yellow Light Comment 






22 : ER . ' D Compliance difficulties 


2/F/21 


BP II 19 14 7 


0 7 : ER. UR Compliance difficulties 


. : 3/F/36 


BP I 17 4 .16 


15 ... UR NC 


4/F/38 


BP II 16 3 11 


15 . .. .. UR 0 ... ~~ ~ 



. nnb indicates Hamilton Rating Scale; BL, baseline MRS score before light treatment; WL, HRS score during second week of bright white light treatment- 
W/D, HRS score one week after withdrawal from light; YL, HRS score during second week ol dim yellow light; BP II; Major affective disorder with history of 
hypomama; ER, equivocal response (responded, ie, had a decrease of at least four points on the HRS, but did not deteriorate when light was withdrawn)- D 
deterioration (increase of at least four points on HRS); UR, unequivocal response (responded to light and deteriorated when light was withdrawn); BP I, major 
affective disorder with history of. mania; and NC, no change (less than four-point change on HRS). ■ ' 





•' Table 4.- 


-Clinical Features and Response.to Dim Yellow Light T 


eatment First* 






H 


RS Score 




Response 






■ Patient/Sex/Age, yr 


Dfagnosis BL 


YL 


W/D WL W/D 


Bright Whit 


Light Dim 


fellow Ligtt 


t . Comment . 


5/F41 


BP It • -14 


16 


, . ,' 4 3 


ER 




NC 




.... '. 6/F/42 . 


BP. II 15 


19! 


• • 8 16 


UR 




D 


Receiving phenelzine sulfate (60 mg/day) 


7/F/41 . 


BP II 21 


1S 


.. 1 8 


UR 




NC 




' 8/M/48 


BP II 14 


' 6 


11 5 18 


. UR 




UR 




. 9/F/52 ' 


BP II 22 


8 


1'6 ' 5 ' 13 


UR 




UR 





'Foi sxp aid! rr of abbre< scions, see footnote to Table 3. Patients .10 (female. 33 .years old). and 11 (female, 20 years old) were not in the crossover study. 
Patient 1 0 had a bipolar I affective disorder, a baseline score of 26 before light treatment, a score of 17 during the second week of bright white light treatment, and 
an equivocal response to bright white light. She became irritable and wanted to discontinue the protocol. Patient 11 had a bipolar II affective disorder, a baseline 
cciec ^ rr l ,elig|'^tt'--,nt ,a or; ' 8 during the second week of bright white light, a score of 16 one week after withdrawal from light, and a scoreofS 
• during a repeated second. Viteek of bright white Ifetit She had an unequivocal response -to. bright white light and became suicidal oh withdrtiwal. • 



and changes of appetite preceded actual mood changes. The 11 
patients (38%) who did not become depressed offered the following 
reasons for .this irregularity in the pattern of their illnesB: (1) 
Lithium carbonate prophylaxis was started after the previous 
winter (three patients). (2) Psychotherapy was started since the 
previous winter (one patient). (3) Emotional support was derived 
from participation- in the research program (one patient), (4) They 
. stayed outdoors in the sunlight for longer periods of time (one 
patient). In five cases, no explanation was offered. Of the 18 
patients .who became depressed, 11 received light treatment. The 
other seven patients were either judged to be too mildly depressed . 
to show a significant degree of change (two cases) or were un willing 
to comply with the treatment protocol (five eases). ' 

- Sleep Studies 

' ■ ReBuIts.af EEGstudies of sleep were available on nine Subjects in 
"nun id a it r. Eight ofth< € v entst« re i.ii'te) "^i 
i be irrie dep i n ie p .ti r. diH nut 1 »u>ir n - ><^a li 
winder,, these patients showed an average increase of 17.% in total 
; aleejp"time.(b : oth rapid eye movement [REM] sleep and nbn-REM 
:fileep) ',."<. 01. two-tailed paired t test), an average increase of 23% 
in sleep latency (P<.05), and an average decrease of 46% in slow- 
wai (del ) leep (P<.01), compared with summer recordings. 

hang . ep parameters was as profound in the single 
patient who did riot become depressed as in the eight subjects who 
did. The REM latency and REM density did'not change. There was . 
a trend toward more frequent waking during the winter, but this 
• did not reach statistical significance. ... 

Neuroendocrine Studies 

Paired summer-winter dexamethasone suppression tests and 
TRH infusions in seven subjects showed no summer-winter differ- 
en.ce. None of the subjects failed to show normal Cortisol suppres- 
sion or had -blunted or exaggerated responses to protirelin infu-. 
siohs in either condition; 



Light Treatment 

• Eleven patients were treated with bright white light, and all 
experienced some antidepressant effect (Tables 3 and 4, and Fig 2). 
Baseline HRSsiSD before treatment with bright white lights 
were 18.8 ± 4.3 for the total population (n = 11) and 17. 7 ± 3. 7 for the 
subgroup of nine patients who went through the entire crossover 
study. Afteri. treatment, these scores .dropped to 7.7±5.5 and 
6.7+5.1, respectively, for the two groups (P<. Qui; 'two-tailed, 
paired t test, Boniferrom^ihtervals^.in both grpups). : This change in 
the HRS score wasll points or morfin seven cases (Tables 3 and 4, 
patients 3 to 7; 9, and U). In almost all of the casesj the antidepres- 
sant effect was observed between the third and seventh days after 

e. light. t. t it w rted. After the bright lights er 
removed, relapse occurred to a significant degree (t=3\29, P<.01, 
two-tailed paired t test) usually after three to four days.. .Only one 
patient who showed a marked antidepressant response: (Table' 3, 
patient 6) did not relapse when bright white Ughts were removed/ 
Seven patients (TableB 3 and 4, Nos. 2to4. 6 to 8, and 11) restarted . 
treatment with white lights at the end of the crossover study at 
their request. First and second responses to the bright light were 
similar -in all cases. The BDI scores correlated well with HRS 
scores (r = .71, P<.00i) and showed significant change after bright 
light, treatment (P<;01). The BDI scores were, however, a less 
sensitive measure of change and of clinical state. 

In the dim yellow light treatment, patients had a mean'baseline 
.HRS score (±SD) of 15.1 ±4.6 and a mean posttreatment score of 
13.2±7.1 (not significant, paired i test). Three patients showed 
unequivocal improvement, ie, response followed by relapse after 
withdrawal of lights (Tables 3 and 4, patients2, 8, and 9). However, 
this response was greater than 11 HRS points in only one patient 
(Table 4, No. 9), and she chose to return to treatment with dim 
yellow lights and responded to these again after the crossover' 
study was completed; We. have little information on withdrawal 
from yellow lights, as most patients failed to respond and; were 
crossed over directly to bright white lights;. Three patients' condi- 
tions deteriorated during the course of dim yellow light treatment,, 
and three patients showed essentially no change: There was a 
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Whirs first . ■ ■' Yellow First 




■ Fig 2,— Effect of light on mood in seasonal depression. Bright white 
light had significant antidepressant effects (f= 8,45,' P<.pp1, two- 
tailed paired r test, Bonferroni intervals 34 ). There was no significant 
effect with dim yellow sight. 



. statistical difference in the change induced'by bright white light v 
dim yellow light (P<.01) when a paired t test was performed on the 
changes in HRS values. 

, Two patients (Table 4, Nds. 10 andll) were not crossed over from 
bright to dim lights. .Patient 10 felt, irritable and confined; 'with 

: white lights, despite an improvement in mood rating. She asked to 
be removed from the protocol and responded well to treatment 
with phenelzine. Patient 11 became : suicidal on %vithdrawal of bright 
white lights. This occurred toward the end of the study, and the 
investigator (N.E; ; R:) who was not "blind" to the study thought it 
was. unethical to cross this. patient- over to yellow lights; Bright 
lights'. were restarted, and . she. responded within three' days. 

.'Patient 8 (Table 4) was atypical in that he was the only man' ih-'the 

- study. Patient 2 (Table 3).left for Florida after the study .ended and 
switched out of her depression within a week of arriving there. Six 
patients were asked. to predict. how. helpful the different lights 
would be before the treatments were started. Of these, five 
patients thought both, lights might be helpful. Four patients 
thought, the white lights would be more helpful, one patient 
thought that yellow lights would be more helpful, arid one patient 
thought that both lights would be equally helpful. The predictions 
proved to be correct in four cases and incorrect in two cases. 
Wrist activity recordings per 15-minute period for the hours of 

■ morning treatment (5:30 to 8:30; am) showed a. significantly .larger 
number, of low- value c 1 i > r u t h-j ' j, i 
m iut<- e od)i dim'tha inbrightligh nditi r (6 ±-2.0 lov 
value periods in dim light compared with 4.9±2.6 in bright light, 

p<.03). / ; 

As judged by clinical findings, fundus photographs, and test 
results, no differences in visual function were, observed after light 
treatment. The only side effects noted were hypomanic irritability 
Mid hyperactivity in ; «few;cases with bright lights. These subsided 
when :the light treatment was discontinued. 



No systematic follow-up was obtained after the crossover study 
or on patients who did hot receive light treatment, but some clinical 
data were available. The 11 patients who did not become depressed 
in the winter remained well, except'for one patient who became 
depressed in the spring and was . treated with Uthiurn carbonate, to 
which he responded. In the seven patients who became. depressed 
in the winter and were not treated with light, their depressions 
remitted by late spring or summer. One of these patients was 
treated with phenelzine, to which she- responded well. In the 
spring, patiehtB appeared to be more energetic and active before 
their mood improved, and some experienced anxiety and .irri- 
tability during this transition time. After the crossover study was 
completed, some patients experimented with altering the length of 
light exposure from day to day, In. a few cases, this produced 
unstable mood control arid days of depression that .alternated with 
days' of hypomania. A consistent regimen of light treatment was 
found, tobe helpfulin these crises'; Four patientSj.who were treated 
: with light in the winter and responded, experienced depressions 
during the following spring .arid summer. Irs two cases, this 
depression was treated with medications (trazodone hydrochloride 
in one case and phenelzine in the other), and in one case, it was 
treated with phase advance of the sleep-wake cycle'. * All- three 
patients , responded, to treatment. The fourth patient recovered 
spontaneously. 

COMMENT 
Clinical Picture and Sleep Findings 

Hellpach 36 first rioted the existence of manic-depressive 
patients whose cyclical mood shifts occurred iri association 
with the seasons. Kraepeliri* 7 agreed with this observation 
and described such patients as follows: 
Repeatedly I saw in these cases moodiness set in in autumn and 
pass over. in' spring, 'when the sap shoots in the trees' to excite- 
ment., .corresponding, in a certain sense to the. emotional changes 
which come over. even healthy individuals at the changes of the 
seas « s As a rule [this might represent cases] with a very slight 
course, hypomania and simple inhibition. 
Most, of our patients (93%) with SAD fit that description 
well:. 76% had bipolar II affective disorder, and "17% had 
bipolar I affective disorder. It is noteworthy that so large a 
proportion met the criteria for bipolar affective disorder, 
especially since a history of mania or hypomania was not a 
reason for including a patient nor was its absence a reason 
for exclusion. Almost a third of our patients had not 
received any previous' treatment, and only three patients, 
had. been. hospitalized for psychiatric reasons. These char-, 
acteristics suggest that Kraep.elin 87 was correct in identify- 
ing this variant of the disorder as mild, compared with that 
seen in hospitalized manic-depressive patients. The relative 
mildness of the, disorder in our patients, however, -may 
reflect a selection bias since our population consisted of self- 
referred patients who read a newspaper , article and were 
sufficiently motivated to follow up on it.' Nevertheless, all 
patients said the condition interfered with their social 
relationships, and all but one patient said that the quality of 
their work was affected; This was largely because, of the 
screening criteria: those patients Whose syndromes were 
mild were excluded. Although this study involved patients 
with fall and' winter' depression, we were contacted by 
patients with other seasonal patterns of affectiveepisodes. 
Some patients, who complained of summer depressions or 
depression every spring and fall, have hot yet been studied 
systematically. . '■'■■'.'; 

The. symptoms seen in these patients are characteristic of 
bipolar depression of a mild to moderate severity. Hyper- 
somnia, hyperphagia,.and weight gain have been described' 
as "atypical" in that they' differ froth the pattern of insom r 
nia, anorexia, and weight loss' typicd of. major' depression 
with melancholia. 33 Davidsonand colleagues*' have recently ■ 
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reviewed the literature on "atypical depression" and de- 
scribed a bipolar variant of this condition that fits the 
clinical picture of our patients quite well. Hypersomnia, 
which our patients reported and which we confirmed in 
several patients by EEG recordings, has been reported to 
occur in bipolar depression *' 41 Reduction in the amount of 
slow-wave sleep and increased sleep latency, have been 
widely reported in depression. 42 '' 13 These sleep changeshave 
also been described in patients who experience other types 
of periodic hypersomnia, including the Kleine-Levin syn- 
drome. 44 Significant reduction in slow- wave sleep has also, 
been reported to occur in the winter in a group of healthy 
■..volunteers, recorded at different times throughout the year 
in Antarctica. 46 

: Hyperphagia and carbohydrate craving have been de- . 
scribed in atypical depressive patients.* 9 - Paykei- 7 studied 
208 depressive patients and found 'that ; appetite was in- 
creased, in only . 14% of the cases. These' patients differed 
from the anorexic depressive patients by being more pre- 
dominantly female ^and more mildly depressed', with "neu- 
rotic" rather than "psychotic" illness, but with a greater 
reduction in sexual interest. These features are shared by 
patients with SAD- and with atypical depression; In gen- 
eral, our observations were in' agreement with those of 
Paykel h > * ted tha dep j s < j p,t c n n't' t pi 
phagia, this symptombecame. worse with increasing sever- 
ity. Of depression. Payikel 4 ^:suggested that there might be . 
two distinct groups of depressive patients with . appetite 
changes in opposite directions, but within each group,: there 
was a tendency for greater appetite disturbance as illness 
became more severe. Similarly, Kupfer and associates 4 ' 
have 'pointed out that there are hypersomnic and hyposom- 
hic depressive patients and that these may constitute two 
biologically distinct groups. The coexistence of hypersom- 
nia and hyperphagia in atypical depression, such as SAD, 
and insomnia and anorexia in endogenomorphic depressive 
patients may serve as a further clue to the pathophysiologic 
characteristics and clinical differences of these conditions. 
.' Several investigators have, stadiedthe interactions between 
. diet and sleep and have shown that changes in diet may 
produce changes in total sleep time, delta sleep, and REM 
sleep..*** It is conceivable that some of the sleep changes 
dbselrv^4 : :in pur ' patients 'during the winter may be second- 
ary to changes in diet and weight.' ■' '• ■ • ...-''■ 

fyy^e r ¥&k& ratio (6.3:1) in our population was 
greater than that reported in other studies of atypical 
depression in which ratios have ranged between 1.5:1 and 
2.3:l.f The far higher ratio that we observed, may indicate 
tl at c 'i. i iW-ar' cf'^DTi iitiitp tncmpniiridijlv 
yuiherahle to SAD. Oh the other hand, it may indicate a 
■ selection' bias. ' ' 

'•, 'rtfai$ifigle ' : . outstanding clinical feature of patients with 
SAD is their apparent sensitivity to changes in season and 
latitude and the approximately annual occurrence of their 
affective episodes. Eighty-three percent (19) of our patients 
r^portecVchanges inmood after traveling north or south in 

. the winter, always in the direction of amelioration of depres- 

' sibfi awr^t^yel'ing'. south and exacerbation. after traveling 
north. , The sensitiyity of patients with SAD to changes in. 

•. season and laljttidg: lead us to conclude that some; environ- 
mental /variable or variables are of major importance in 
.causi.ng.and sustaining depression in these patients, and 
conversely, a reversal in direction of these variables is 
responsible, for alleviating these symptoms. Of all the 

jpossib.le.^matic'yariables, day. length, daily hours of sun- 
shine, and temperature, all of which are related to one 
another, seem to be the most promising candidates for 
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future study. The possible role of psychosocial influences in 
accounting for the timing of episodes in SAD has not been 
thoroughly explored. Anniversary reactions to a traumatic 
experience and psychologic reactions to the holiday season 
have been held responsible for annually occurring mood 
changes in certain patients. 55 "" It was ourclinial impression 
that patients were more vulnerable to become depressed in 
fall or winter in reaction to stressful life events, but that the 
events per se did not play a major role in their depressions. 
The duration and recurrent pattern of their episodes make 
this explanation seem unconvincing. However, the way in 
which; environmental factors may exert their effect,, either 
individually or in combination, requires further study, 

Changes in neurotransmitter function that normally oc- 
cur with the seasons may be a risk factor- for patients with 
SAD. Seasonal changes in biochemical: variables in blood 
have been widely investigated.'**' The serotonin system has ' 
been studied most extensively in. this regard*:* 2 -Carisson- 
et a!.'" in 'a postmortem study of brains of personawho died 
at different" times of the ; year : from nonpsychiatric, non- 
neurologic' causes, -showed a. sharp' drop in hypothalamic, 
serotonin: levels from fall to winter. It .h'as'beeh suggested 
that abnormalities in serotonin arid other neurotransmitter 
systems may 'be altered in depression. 53 ' 61 . Patients: with 
affective disorders have been shown to be hypersensitive to 
the suppressant effects of light on. melatonin, 65 the pineal 
hormone that mediates various light-dependent seasonal 
rhythms, in animals.™ In.every species studied, the duration 
of melatonin secretion is longest in the winter (or when the 
experimental photoperiod is the shortest) and shortest' in 
the summer (or when the experimental photoperiod is the 
longest). 67 It is unclear whether these observations may 
explain why some patients with affective disorders show an 
increased vulnerability to the effects of the changing sea- 
sons: ; 

Prevalence 

Kraepelin 37 stated that only a small minority of manic- 
depressive patients, probably not more than 4% to 5%, 
show regularly occurring seasonal mood cycles. A review of 
the literature disclosed only, two cases ih : which annually 
occurring mood changes were documented. 8,65 In a prelimi- 
nary' study (N.E.R., G. Carpenter; J. Nurnberger, Ml), 
PhD, E. Gershon, MD, D.A.S., and T.A;W., unpublished 
~ato Ine,je 19^2 > or t im >>f * aticntb vith bip <u 
disorders, riirie (28#>j p?S9 patients reported se&bhalmood 
£luctaations;^e^idli^Qi80DU»de to those reported by our 
patients with SAD. We have no data that address the 
question of population prevalence of SAD,: but the large 
number of persons who have responded to requests; to 
participate in our study suggests that the problem has been 
frequently overlooked. The main reasons are probably (1) a 
rhythm with a one-year period length is difficult for both 
the patient and the physician to perceive, and (2) the patient 
with relatively mild anergic, hyperphagic, and hypersom- 
nic depression typical of SAD niay never reach a psychia- 
trist or his or her condition may be misdiagnosed., 
Family History 

In the absence of reliable diagnoses and information oh 
the total' number of first-degree relatives and their ages, 
our family history data must be regarded as a rough 
estimate of familial prevalence. Nevertheless, the : finding 
that 69% of our patients had at least one first-degree 
relative with a history of affective disorder is similar to the 
findings of E. Gershon, MD, and J. Nurnberger, MD, PhD, 
in a bipolar , population in which 63% of the patients had : 
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affected first-degree relatives (oral communication, No- 
vember 1982). It would be interesting to know whether 
seasonally occurring mood changes are more common 
among. the relatives of patients with. SAD than those of 
other patients with affective disorder, but we do. not have 
the data to address that question at present. 

Neuroendocrine Studies 
None of the seven patients studied showed abnormal 
responses to the dexamethasone suppression test or the 
protirelin infusion test, either in summer or winter.. This is 
compatible with the low incidence of abnormal responses to 
these tests found by other investigators who have dealt 
. with populations of mildly to moderately depressed outpa^ 
tients.**" 74 ■ 

Animal Models 

Circannual (approximately annual) rhythms in a wide 
variety of physiologic functions have been found to occur in 
mammals and other ve^brates.^ 78 To achieve a high 
survival rate of the young, the external conditions, that : 
prevail during birth, lactation, and early development are of 
great importance.* Circannual rhythms of reproduction are 
widely prevalent among mammals.' 9 In a sample of 219 : 
ch'l n iM'ti hSAD, wel t< u> 100% va i 
a rhe di^i'tutiui if the monl h of b rtl thi ' ughoul the 
course tt the year, wifh the pnximum number of births 
co ir -g in 'he 1 *e s m i™ <?ni * iirm^ O \ h N.E.R., 
R. Hobbs, MSW,.arid T.A.W.', unpublished data, October 
1982). This is a tenfold greater variation than that found in 
the general population- (Vital Statistics of the' United 
States, 1940 to 1978, Rockyille, Md) and serves as an 
objective corroboration of the extreme seasonal changes in 
•bejiavior. reported by patients with-SAD. It is conceivable 
. that SAD may be a pathologic manifestation of an atavistic 
seasonal rhythm, a concept first suggested by Lange 80 and, 
more recently, by Kripke et al. 81 

. In many species,: circannual rhythms have been shown to 
'.. be endogenous .in, pjigin, 6ii '' s ; ,7S that is, they continue in the 
absence of environmental input. Environmental variables 

■ influence the timing of these rhythms, and of all these 
variables, the photoperiod seems to be the most influen- 

. tial.r In experimental investigation, changes in the photo- 
period have been shown to alter circannual rhythms." It is 
not known whether such endogenous seasonal rhythms 
exist in humans. ■ ... : ''' 

: While there are clearly major differences between pa- 
tients with SAD and hibernating animals (we have not. 

. noted dramatic temperature changes in these patients, and 
they- actually sleep' less deeply), there are certain similari- 
ties r eg, hypersomnia, hyperphagia, change in food prefer- 
ence, and weight gain.^Ov«r^tin'ginhibernators precedes 
hibernation, during which time animals are generally 

. anorexic. 83 In patients with SAD, however, overeating and 
carbohydrate craving persist through the winter. Such 
similarities clearly do not imply similar biologic media-- 
nisms. ... .;■ 
Light Treatment 
The results of our crossover study suggest that extending 
the photoperiod by means df bright white artificial light has 

. a robust antidepressant effect in SAD, Certain problems 
have to be considered, however, in the interpretation of the 

■data.: . 
; The newspaper article that was used to recruit patients 

■ suggested that light might be helpful, although no details 
abput the lights were mentioned. We had theoretical rea-' 
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sons to suspect that bright light might be biologically active 
and dim light might be inactive in humans. Many photo- 
periodic effects in animals are mediated via secretion of the 
hormone melatonin. 156 In humans, melatonin is suppressed 
by bright artifidal light (2,500 lux) but not by light of less 
intensity (500 lux). w In addition, we were 'aware that, in 
winter, patients were exposed regularly to room light 
outside daylight hours and, nevertheless, became de- 
. pressed. 

Lights with different physical properties look different, 
' so patients cannot be "blind" as in drug studies. The color 
yellow was chosen as a control to distract patients from our 
prediction. We believed this would be a credible control 
since this color had pleasant connotations for a number of 
our patients. We were satisfied that all patients were 
unaware that we.predicted that bright light would-be/active 
and dim light would be inactive. They applied themselves 
diligently to both light regimens, and although the majority 
predicted that bright white light would be more helpful, five 
of six patients predicted that both lights would be helpful to 
' some degree; in two cases, (Tables 3 and 4, patients 2 and 9) 
degree of improvement went contrary to prediction. The 
occurrence of relapse after the lights were removed, and the 
late ncj period of "three or more days in both response .and 
: relapse, make a placebo;, response seem unlikely, but the 
possibility that the. superior efficacy of bright light was 
caused by a placebo- effect cannot be excluded, As we used 
light of different spectral qualities in the different condi- 
tions, we cannot rule out -the 'possibility. that it was spec- 
. truffi rather than intensity that made the difference.though ■ 
we have no. reason t I Lieve this t< ie so 

Since patients with SAD complain of hypersomnia, it is 
not possible in most eases' to administer three hours of light 
before dawn without partially depriving patients of sleep. 
Sleep deprivation during the second half of the night has 
been shown to have antidepressant effects. 80 We did find a 
significantly higher number of low activity scores in pa- 
tients under dim light cpnditions.than in bright light, which 
strongly suggests that more sleep occurred- under these 
conditions. If we assume that all activity counts less than or 
equal to eight per 15-minute epoch indicate that the patient 
'slept for that period of time (a probable overestimate based 
, on previous data, from our unit 84 ), then the patients slept for 
a nit. ,i i . rue <_pr h pel d j more in dei n 1 1 "ha i under 
bright light. While this difference (2% of the total photo- 
period) cannot be overlooked, it seems unlikely that it was 
the . reason for the sharply different , effects , of the two 
conditions, especially since we found no correlation be- 
tween the mean number- of low. activity .counts and the 
dtpxe Oi m.irtvement ^l-.s^rvi d. /tvath.lfbfa, it i rth» 
studies of light treatment, sleep deprivation should be much 
more rigorously -controlled. Similarly, in studies-fof sleep 
deprivation, lighting conditions should.be more thoroughly 
examined. Kripke and associates 87 - 88 have presented evi- 
dence that depressed subjects exposed to one hour of bright 
• light at 5 AM showed a greater antidepressant response than 
those subj ects exposed to an equivalent amount of dim red 
light at the same time of day. • \ •."' "• 

. Since, this was a pilot study, the treating psychiatrist 
(N ii R i wi,. was aware « * thf hi, ting c >r diti.oi i made 
. decisions as to whether patients should b^e.gi^n awashciut . 
' period, based on clinical considerations. In addition, pa- 
tients son t-t messp< k vuf-hetchuth.r n our clinic waiting 
i) m Th° idic<wr of the experir e t ma h ve 
influenced by these conditions. In* -^follow-up study; fet are ( 
tttemptii g.tb address th< s"e que|ti;o;n':6, 
The number of patients in the crossover study was small, 
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arid fortius reason alone, our findings should be regarded as 
preliminary. The statistical analysis, however, . corrobo- 
rated the strong impressions of both patients and "non- 
blind" clinicians that the bright light treatment was ex- 
tremely effective in most cases, and the dimlightfreatment 
was ineffective; except in one case (Table 4, patient 9). 

We should note that the HRS does not fully reflect the 
severity of depression in SAD. Hypersomnia, overeating, 
weight gain, and carbohydate craving, which are commonly 
found in SAD, are not represented at all on the HRS, and 
fatigability is given- little weight. Other symptoms, such as 
insomnia and weight loss, which patients with SAD do not 
generally, experience, are heavily weighted. Further stud- 
ies on patients with SAD should take these symptoms into 
account. . 

^Assuming that light itself is the active element of the 
in i lc j nsid 1 a e mechanism 

of the response might be lb is pl.o.cp^rioihc ie dependent 
on light exposure during a critieai part of the 24-hour day, as ■ 
athc case with certain anirna " or j it i direct res'p'i nse 
to light regardless of when during: the day a person is 
■ exposed? Anatomically, the most likely route along which 
photoperiodic information might be channeled is, the reti- 
nbhypothalamic tract that terminates, in the hypothala- 
mus," a structure believed t© be functionally disturbed in 
.affective; disorders.*. The relatively , short latency to re- 
sponse has, its parallels in animal studies. For example, 
changes in prolactin secretion in response to photoperiodic 
alterations in rams have been found to occur within three 
■ 1 neur< ndo rii hanj ^ m birds can occur even 
earlier. 90 "Clinicall t vouH be important. 1 etermine 
;>yhich'patients benefit from light treatment and how best to . 
admihiste*' it. The value of this treatment: may extend 
;b^ond the circumscribed : syndrome of SAD. 



FINAL REMARKS 

Seasonal Affective Disorder is a subgroup of the affective 
disorders of special interest because of the apparent reac- 
tivity of affected persons to changes in some environmental 
factors, eg, climate, latitude,: or environmental; light. We 
suggest that a reasonable working definition of SAD would 
be as follows: (1) a history of major affective disorder, 
according to the RDC 27 ; and (2) at least two consecutive 
years in which the depressions have developed during fall or 
winter and remitted by. the following spring or summer (a 
history of this pattern changing with changes in latitude or 
climate would strengthen the diagnosis); (3) absence, of any 
other axis I psychiatric disorder 1 *; and (4) the absence of any 
clear-cut. 'seasonally changing psychosocial variables that 
would account for/the seasonal- variability in .mood arid 
behavior, eg, work stresses. . .- . " • ' v . 

Alt nt i htl .ie,n ai err sona t C p cue-, nde a mt 
'reactivity to changes in latitude seem to differentiate SAD 
from other affective disorders, SAD has yet -to be validated 
as a distinct syndrome in , other ways,, notably, clinical, 
demographic, family history, laboratory studies, outcome 
and response to treatment,-" 1 especially light therapy. Fur- 
ther work in. this area is required. : : 

Preliminary evidence suggests that manipulation of envi- 
ronmental light may be clinically useful in SAD and may 
also prove to be a valuable research tool in investigating this 
condition. The existence in animals of annual rhythms that 
resemble certain features of SAD offers hope that animal 
models of this disorder may improve our understanding of 
its pathophysiology -and our approach to . treatment. 

. Luke Thorihgton ofDuroteat Inc, North Bergen, NJ; provided the lights 
and fixtures used in this study. ■ 
Constance Carpenter aid Julie. Blendy provided assistance. 
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Antidepressant Effects of Light 
in Seasonal Affective Disorder 

Norman E. Rosenthal, M.D., David A. Sack, M.D., Constance J. Carpenter, B.S., 
Barbara L. Parry, M.D., Wallace B. Mendelson, M.D., and Thomas A. Wehr, M.D. 



The authors treated winter depression in 13 
patients with typical seasonal affective disorder by 
extending the length of winter days with bright and 
dim light in the morning and evening in a balanced- 
order crossover study. Bright light had a marked 
antidepressant effect, whereas the dim light did not. 
This response could not be attributed to sleep 
deprivation. Subsequent pilot studies indicated that 
bright evening light alone is probably also effective. 
Several patients were able to maintain the 
antidepressant response throughout the winter 
months by continuing daily light treatments. 

(Am J Psychiatry 142:163-170, 1985) 



Seasonal affective disorder, a condition character- 
ized by regularly occurring winter depression fre- 
quently alternating with summer hypomania, has been 
observed since the early part of the century (1) and has 
recently been described in detail (2, 3). During the 
winter affected individuals feel depressed, slow down, 
and generally oversleep, overeat, and crave carbohy- 
drates. In spring and summer they are elated, active, 
and energetic and generally function well. Seasonal 
rhythms of activity, appetite, and sleep are common 
among other mammals (4), and their timing is fre- 
quently controlled by climatic variables, especially day 
length (5). The pattern of occurrence of seasonal 
affective disorder suggests that environmental varia- 
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bles may be important in its pathogenesis, and we have 
speculated that it may be possible to modify the 
clinical picture by altering one or more of these 
variables. We chose light as the first variable to investi- 
gate because of its importance as a seasonal time cue in 
animals (4, 5). 

In a pilot study (2) we found that winter depression 
improved when patients were exposed to bright full- 
spectrum light before dawn and after dusk, thereby 
extending the photoperiod. No consistent improve- 
ment occurred when patients were exposed to dim 
yellow light at these times. Kripke et al. (6, 7) have 
shown that 1 hour of bright light in the early morning 
hours has a greater antidepressant effect in nonseason- 
ally depressed patients than 1 hour of dim red light. In 
these pilot experiments sleep was not monitored dur- 
ing the light treatment. Since partial sleep deprivation 
is known to induce transient remissions in depression 
(8), it is possible that bright light exerted its antide- 
pressant effect by depriving patients of sleep more 
effectively than the dim control light. 

In this study we attempted to monitor and control 
sleep and wakefulness carefully during light treatments 
in order to replicate our earlier finding and to deter- 
mine the relative importance of light and sleep depriva- 
tion in the antidepressant response. 



METHOD 

Patients were recruited mainly by means of a news- 
paper article in which we described the typical features 
of seasonal affective disorder and mentioned our previ- 
ous success with light treatment (2). We offered no 
specific details about the type of light involved or the 
way in which it was to be used. All applicants were 
asked to complete a structured questionnaire, and 
those patients whose responses indicated a history of 
winter depression were screened in person. All patients 
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included in this study had met the Research Diagnostic 
Criteria (RDC) (9) for major affective disorder, de- 
pressed, at some time in their lives. In addition, all had 
a history of depressions that had recurred in the winter 
for at least 2 consecutive years and that had remitted 
by the following spring or summer. We did not include 
any patients whose seasonal depressions could be 
clearly accounted for by seasonal changes in their 
occupations or other psychosocial variables. A total of 
49 patients met these criteria. 

In the fall or winter, when patients began to feel 
depressed, the 21-item Hamilton Rating Scale for 
Depression (10) was administered weekly by two 
raters who were blind to treatment interventions. After 
a patient had 2 weeks of continuous depression (Ham- 
ilton scale score greater than 14), we obtained his or 
her informed consent and initiated experimental treat- 
ment. A crossover design was employed in which two 
1-week periods of light treatment were separated by 1 
week of no light. We chose 1-week periods for treat- 
ment and withdrawal because of our previous finding 
that the antidepressant effects of light generally occur 
within 3 or 4 days (2). On the last day of each week 
(baseline, treatment, or withdrawal), two raters again 
administered the Hamilton scale, and patients' scores 
were averaged. Patients were treated sequentially with 
bright and dim lights, the order having been deter- 
mined by balanced randomization. 

On the basis of our previous experience (2), we 
decided prospectively to include in the study only those 
patients whose Hamilton scale scores were greater 
than 14 for 2 successive. weeks and to include them in 
the second part of the crossover only if they relapsed 
after withdrawal of light to a score of 10 points or 
more. Patients who met Hamilton depression scale 
criteria for inclusion but were atypical, in that they 
denied feelings of sadness or depressed mood while 
exhibiting other features of the syndrome, were ex- 
cluded from the main group. These patients, as well as 
those who scored less than 14, were, however, treated 
by a similar crossover design but were assigned their 
order of treatment by a separate randomization proc- 
ess. We also decided prospectively that we would 
exclude from the crossover design patients who be- 
came depressed after February 15, because the rapidly 
expanding length of day at that time of year might 
itself induce remission, confounding the results. 

All patients were asked to participate as inpatients 
for the 2 treatment weeks, but if work, social, or 
psychological factors made this unacceptable, they 
were treated as outpatients instead. In no case was 
hospitalization essential for clinical reasons. 

Bright light for both inpatients and outpatients 
consisted of 2,500 lux of full-spectrum light (Vitalite) 
emitted from a rectangular metal fixture containing 
eight Vitalite fluorescent tubes behind a plastic diffus- 
ing screen. Patients sat 3 feet away from the light, 
which was at eye level. They were free to engage in 
activities while sitting, but were asked to glance to- 
ward the light approximately once a minute. They 



were instructed not to sleep. The illuminance of the 
light emanating from this fixture approximates that of 
sunlight measured at a window on a clear spring day. 
Dim light for the outpatients was 300 lux; the same 
lights, dimmed with neutral density filters (Rosco, Sun 
N9), were used. For the inpatients, very dim light (less 
than 5 lux) was used. Thus the control treatment was 
essentially partial sleep deprivation plus the nonspecif- 
ic aspects of the intervention. 

A good control treatment should be inactive but 
plausible. In order to be inactive, the intensity of light 
would have to be below the threshold for producing an 
antidepressant effect. Our previous findings suggest 
that 100 lux is below this threshold (2). Lewy et al, 
(11) have shown that at 500 lux, light barely suppress- 
es production of melatonin in normal volunteers. 
However the exact range of intensities required for 
suppression of melatonin is not known, and patients 
with major affective disorder appear to have a lower 
threshold for melatonin suppression than do normal 
controls (11). At this time it is not clear whether there 
is any relationship between the threshold for produc- 
ing an antidepressant effect and the threshold for 
suppressing melatonin. 

While a control treatment that is too bright may be 
active, thus masking differential effects of bright light 
and placebo, a control light, that is too dim may not 
seem plausible to patients. This could produce differ- 
ences between the effects of bright and dim light based 
on different patient expectations of treatment efficacy. 
In addition, dim light, especially in an unsupervised 
setting, may be more conducive to sleep than bright 
light, which may complicate interpretation of treat- 
ment effects. 

Given these considerations, we chose a very dim 
control condition in the highly supervised inpatient 
setting to contrast active and control treatments and 
maximize the likelihood of observing differences in 
patients' responses to the rwo conditions. In the outpa- 
tient study we chose a much brighter control lighting 
condition to minimize dozing in front of the lights and 
to create plausible placebo conditions. The intensity of 
the outpatient control light (300 lux) was higher than 
that used in our earlier study (2) and considerably- 
greater than that to which most people would be 
exposed in the early hours of the morning. 

Wakefulness was monitored and maintained in inpa- 
tients by nurses' visits at 15-minute intervals, the use of 
infrared television cameras to detect drowsiness, self- 
reports every 15 minutes of patients' level of alertness, 
and EEG sleep recordings during the morning treat- 
ment when the likelihood of falling asleep was deemed 
highest. For outpatients, morning telephone calls and 
self-reports of alertness level at 15-minute intervals 
were used to monitor the amount of sleep experienced 
during light trearment. Light was administered from 
5:00 a.m. to 8:00 a.m. and 5:30 p.m. to 8:30 p.m. 
every day to simulate a long summer photoperiod. 
Occasional social events required minor modifications 
of the schedule. Great care was taken to ensure that 
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equivalent modifications were made in the correspond- 
ing session during the week of the alternate light 
treatment. 

In order not to bias the patients' expectations, all 
were told that partial sleep deprivation has been 
shown to be effective in depression and that we were 
interested in evaluating the possible antidepressant 
effects of partial sleep deprivation and/or light on 
seasonal depression. Patients were not shown the lights 
before the study, and the predictions of the investiga- 
tors were not discussed with them. 

Since we predicted that bright light would be a more 
effective antidepressant than dim light, we compared 
the pre- and postlight Hamilton scores of the 13 
typical patients, as well as the change scores after 
bright and dim light, by means of one-tailed Wilcoxon 
signed rank tests. We also applied a four-factor analy- 
sis of variance (ANOVA) with two repeated measures 
(12) to the changes in Hamilton scale scores across 
successive conditions. The factors examined were in- 
patient versus outpatient, bright light first versus dim 
light first, bright light treatment versus dim light 
treatment, and withdrawal from bright versus with- 
drawal from dim light (the last two being the repeated 
measures). 

After the completion of the crossover study we 
treated all those who were willing to undergo further 
study with evening light only (from approximately 
6:00 to 11:00 p.m. in most cases). Those patients who 
became depressed after mid-February were treated in 
the same way. Only bright light was used in this open 
and uncontrolled study, the theoretical reasons for 
which are discussed later. After all studies were com- 
pleted, the patients who chose to remain in light 
treatment were allowed to do so. 

Of the initial cohort of 49 patients, 22 became 
sufficiently depressed before mid-February to be in- 
cluded in the crossover study. Three of these 22 
patients were regarded as atypical and were treated as 
a separate group, though with a similar crossover 
design. Of these, three patients, one had a Hamilton 
depression score of 12, which was 2 points below our 
cutoff score for inclusion in the main group, and the 
other two had scores above 14 but denied feeling sad 
or depressed. Instead, they reported fatigue, anxiety, 
and a pervasive loss of pleasure in their lives. Two 
other patients became depressed after mjd-February 
and were treated with evening light only. The remain- 
ing 25 patients became mildly or transiently depressed, 
truncated their depression by trips to more southern 
locations, or were unwilling to participate in the 
treatment studies. The clinical and demographic fea- 
tures of the various groups treated with light are 
shown in table 1. There were no significant differences 
between groups on these variables. 

At the time light treatment was initiated, 22 of the 
24 patients were suffering from major depressive disor- 
der and two from minor depressive disorder according 
to RDC. The latter two denied feeling sad or depressed 
and were both considered atypical. 



Thirteen of the 19 typical patients (six inpatients 
and seven outpatients) completed both dim and bright 
light treatment and provided adequate data. Only one 
of these patients was on concomitant medication dur- 
ing the course of light treatment. He had been taking 
desipramine, 250 mg/day, for months before the study 
and remained on that dose throughout treatment. 



RESULTS 

The effect of light treatment on the patients' Hamil- 
ton scale scores is shown in figure 1 and table 2. Mean 
(±SD) Hamilton scores before, during, and after 
bright light treatment for outpatients were 22.9±5.4, 
9.5±4.4, and 16.4±5.8, respectively (p<.025). For 
inpatients the cotresponding scores were 30.1 ±3.7, 
17.8±11.1, and 22.9±6.6 (p<.01). Mean scores be- 
fore, during, and after dim light treatment for outpa- 
tients were 21.9±6.5, 20.5±7.8, and 18.6 + 7.5 (n.s.) 
and for inpatients 27.1 ±5.4, 25.7±6.8, and 25.4±6.6 
(n.s.). One-tailed Wilcoxon signed rank tests revealed 
a significant difference between pre- and post-bright- 
light Hamilton scores for both outpatients (p<.01) 
and inpatients (p<.025), as well as a significant differ- 
ence between the change scores when bright and dim 
treatments were compared, for both outpatients and 
inpatients (p<.025). There was no significant effect 
following dim light treatment. The ANOVA with 
repeated measures showed a statistically significant 
(p<.002) Bright-Dim by Treatment-Withdrawal inter- 
action, a function of the large difference in Hamilton 
scale change scores following treatment and withdraw- 
al from bright light. There was no difference between 
treatment and withdrawal change scores under the dim 
light condition, no difference between inpatient and 
outpatient conditions, and no ordering effect. It was 
the impression of both patients and clinicians that 
mood improvement occurred within 2-4 days of start- 
ing light therapy and increased over the week of 
treatment. Relapse occurred within a similar time 
period. 

Polysomnographic recordings revealed that no inpa- 
tients slept during either type of morning light treat- 
ment. A small amount of sleep was noted by outpa- 
tients (averages of 3,3 and 5.2 minutes per patient per 
day under dim and bright light, respectively). This 
difference is not statistically significant. Analysis of 
sleep log data revealed mean (±SD) baseline hours of 
sleep of 7.6+1.25 and 7.5±1.01 for bright and dim 
light treatments, respectively. Corresponding hours of 
sleep under treatment conditions were 6.4±1.01 and 

6. 3 ±1.26, and for withdrawal conditions they were 

7.4 + 1.15 and 7.8±1.35. The mean hours of sleep 
during corresponding baseline, treatment, and with- 
drawal conditions were not significantly different from 
one another. However, hours of sleep during treatment 
were significantly different from both baseline and 
withdrawal conditions (p<.01). This decrease in 
length of sleep under treatment conditions was a result 
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TABLE 1. Clinical and Demographic Features of Patients With Seasonal Affective Disorder Treated With Light 



Age (years) 



Bipolar Bipolar Uni- 



Previous Treatment 



Typical inpatients 


6 


6:0 


43.0 


14.0 


26.2 


13.4 


4 


1 1 


2 


2 


2 


Typical outpatients 


7 


4:3 


35.9 


7.7 


25.9 


8.6 


5 


1 1 


2 


1 


1 


Atypical outpatients 


3 


3:0 


40.3 


5.1 


28.3 


2.9 


3 




1 


2 


0 


Dropouts 


6 


5:1 


37.7 


12.1 


12.2 


4.9 


4 


2 


4 


3 




Late depression 


2 


2:0 


44.0 


7.1 


26.5 


14.9 


2 






1 


0 



FIGURE 1. Antidepressant Effects of Light in 13 Patients With Seasonal Affective Disorder 

O □ A Bright light first 




BRIGHT LIGHT 
"In all cases the averages of the scores by the 



BRIGHT LIGHT 

are represented by dashed lines. 



of our waking the patients shortly before 5:00 a.m., 
when light treatment began. In other words, there was 
a significant phase advance in time of waking under 
both bright and dim light treatment conditions. This 
was associated with an earlier sleep onset under both 
conditions (means=42 minutes and 47 minutes earlier, 
respectively). 

For outpatients, unavoidable social engagements on 
occasion resulted in time away from light treatment 
(4.5 and 7.5 hours per patient per week under dim and 



bright conditions, respectively). This difference was 
also not statistically significant. 

Of the three atypical patients, one responded selec- 
tively to bright light, one to both bright and dim light 
treatments, and one to neither treatment (see table 2). 
Bright evening light only was subsequently adminis- 
tered to 1 1 patients (seven typical, two atypical, and 
two whose depression began after mid-February). Sev- 
en of these 11 patients showed some response (a 
decrease in Hamilton score of 4 points or more) to 
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TABLE 2. Effects of Bright and Dim Light on Mood 



Hamilton Scale Score 



Condition and Patient 


Sex 


Age 
(years) 


Diagnosis 


Base- 
line 


." 

Light 
Condition 


With- 
drawal 


Light 
Condition 


With- 
drawal 


Evening 
Light 


Continued 

Light 
Treatment 


Bright light first 






















Typjcal inpatients 
























F 


58 


Bipolar 11 


30.0 


17.0 


20.0 


13.0 


27.5 






2 


F 


51 


Bipolar 11 


25.0 


18.0 


25.0 


28.0 


19.0 


18.0 




3 


F 


25 


Bipolar 11 


26.0 


27.0 


15.5 


31.0 


26.0 






Typical outpatients 






















4 


F 


36 


Bipolar I 


20.0 


12.0 


13.0 


17.0 


20.0 






5 a 


M 


37 


Bipolar 11 


31.0 


17.0 


22.5 


29.5 


17.0 








F 


35 


Bipolar 11 


28.5 


10.0 


21.0 


21.0 


25.0 


10.0 


Yes 


Atypical outpatients 




















Yes 


7 


F 


36 


Bipolar U 


13.0 


4.0 


15.5 


18.0 


23.0 


20.0 


8 


F 


46 


Bipolar II 


12.0 


16.0 


12.0 


13.0 


10.0 


5.0 




Dropouts 






















9 


F 


35 


Bipolar 11 


37.5 


23.0 


34.0 










10 


F 


24 


Bipolar 1 


43.0 














11 


F 


55 


Bipolar 11 . 


25.5 














Late depression 






















12 


F 


49 


Bipolar II 


21.5 










17.0* 


Yes 


13 


F 


39 


Bipolar 1) 


31.0 










10.0< 


Yes 


Dim light first 




















Typical inpatients 




















Yes 


14 


F 


41 


Bipolar 11 


35.5 


32.0 


31.5 


2.0 


32.5 


7.0 


15 


F 


.55 


Unipolar 


25.0 


30.0 


31.0 


29.0 


15.5 






16 


F 


28 


Bipolar I 


31.0 


2.5.0 


28.0 


10.0 


13.0 


13.0 


Yes 


Typical outpatients 


















6.5 






F 


20 


Bipolar II 


32.5 


23.0 


24.5 


2.5 


8.0 


Yes 




M 


44 




24.0 


19.0 


21.0 


8.0 


17.0 




Yes 


19 


F 


37 


Bipolar 11 


15.0 


6.0 


16.0 


8.0 


11,0 


6.0 


Yes 


20 


M 


42 


Bipolar II 


25.0 


28.0 


23.0 


9.0 


22.0 


6.0 




Atypical outpatient 


















Yes 


21 


F 


39 


Bipolar 11 


22.0 


6.0 


17.0 


5.0 


3.5 




Dropouts 




















22 


F 


38 


Bipolar 11 


25.5 


0.5 


5.5 










23 


M 


48 


Bipolar 11 


14.0 


9.5 


5.0 










24' 


M 


26 


Bipolar I 

















H'atient had migraine headaches. 
''Hamilton score after withdrawal of evening light w 
'Hamilton score after withdrawal of evening light w 
d This patient was taking desipramine during light tr 
'Data for this patienr were uninterpretahle. 



is taking amitriptylinc during light ti 



evening light. In genera] these responses were not as 
impressive as those which followed combined morning 
and evening light. Patients were less diligent about 
following evening schedules and less attentive to the 
details of the prescribed treatment conditions. After all 
studies were over, 10 patients chose to use the lights 
for a variable period of time during the remaining 
winter months. All of these subjects continued to 
experience the same antidepressant response to light as 
they had initially. By the summer all patients had 
discontinued light treatment. 

Of the six typical patients whose data were excluded 
from the analysis, three had been allocated to the 
bright-light-first condition. Two of these dropped out 
after only 1 day, saying that they were not prepared to 
be confined and adapt their schedules to the demands 
of the study. The third patient (patient 11) improved 
considerably after bright light and relapsed when it 
was removed. At that point unexpected domestic 



problems arose which made her unable to continue, in 
the program. Two patients (patients 22 and 23) 
dropped out after dim light (300 lux) treatment. Both 
improved greatly during treatment but did not relapse 
when this was discontinued. We therefore did not cross 
them over to the bright light treatment. The data of 
one subject had to be eliminated entirely because of his 
unreliability. 

There was no overall statistically significant effect of 
dim light. Three outpatients and two inpatients ap- 
peared to respond to this modality, but an equivalent 
number of patients in both categories appeared to get 
worse in dim light. If the data on this condition are 
analyzed in the way most favorable for showing such 
an effect, i.e., by using the data of only those who 
received it as a first condition and including dropouts 
and the atypical patient, there is a significant change 
between baseline and treatment conditions (t=2.78, 
p<.05). However, if all treatments with 300-lux light 
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are considered, the results are no longer significant. 

There were too few patients who failed to respond 
to bright light (patients 3 and 15) to determine what 
factors are predictive of an antidepressant response to 
light. It is interesting to note, however, that the two 
nonresponders were the only typical seasonal affective 
disorder patients we treated who reported no history 
of carbohydrate craving. 

No specific side effects of light were noted except for 
migraine headaches triggered in one patient by evening 
light (patient 5). 



DISCUSSION 

The clinical and demographic features of the popu- 
lation described here were typical of seasonal affective 
disorder patients we have reported on elsewhere (2, 3). 
The patients were predominantly women with a his- 
tory of recurrent fall-winter depressions and spring- 
summer hypomanias. The onset of illness was general- 
ly when the patients were in their mid-20s. Depression 
was frequently characterized by oversleeping, overeat- 
ing, and carbohydrate craving. 

As we anticipated, not all patients with a history of 
regular fall-winter depressions, when followed longitu- 
dinally, became sufficiently depressed to be included in 
the treatment study. In those who were treated, it was 
clear that extending the length of day by means of 
artificial light several times brighter than ordinary 
room light caused a marked improvement in mood 
which was seen within a few days and lasted through- 
out the week of treatment. Removal of the light 
regularly caused relapse within a few days. Reintro- 
duction of the bright light in an uncontrolled setting 
replicated the initial response. In our experience with 
light treatment of approximately 40 seasonal affective 
disorder patients, the ready reversibility of the treat- 
ment effect and the 2-4-day latency for response to 
light and relapse following withdrawal are characteris- 
tic features and presumably have important implica- 
tions as far as possible mechanisms are concerned. The 
usual reversibility of the response to light leaves open 
to question whether the two dropouts who improved 
during dim light were, in fact, responding to this 
treatment, since they did not relapse when the lights 
were withdrawn. 

The time course of response and relapse was longer 
than that found after total sleep deprivation (13) but 
shorter than the typical time course of response to 
antidepressant medications or electroconvulsive thera- 
py. It resembles most closely the time course that has 
been reported to follow the phase advance treatment 
of depressed patients (14). This does not necessarily 
suggest a similar mechanism of action for these two 
forms of antidepressant treatment. We did, in fact, 
note a small but significant degree of sleep deprivation 
and phase advance in sleep time under both bright and 
dim treatment conditions, compared with baseline and 
withdrawal conditions. It is possible that sleep depri- 



vation or phase advance of sleep or both may be 
necessary for the observed antidepressant response to 
light, but they cannot be sufficient to account for this 
response, since sleep deprivation and phase advance 
were equally present under both bright and dim condi- 
tions. Preliminary data on evening light treatment of 
seasonal affective disorder in which patients were 
allowed to sleep until their usual time of waking 
suggests that it is an effective antidepressant, although 
probably not as effective as combined morning and 
evening light. It is possible that light treatment in the 
early morning hours is especially effective because the 
circadian system is most sensitive to light at that time 
or because of the synergistic effects of the associated 
sleep deprivation and phase advance of sleep. 

The intensity of light appears to be a critical factor 
in the treatment effect, because light of ordinary 
indoor intensity given in the same way as bright light 
was less effective. This experimental result might ex- 
plain why the ubiquitous presence of indoor lighting in 
the winter does not protect vulnerable individuals 
from becoming depressed. Light of ordinary intensity 
can certainly affect seasonal rhythms in other mam- 
mals (4), an effect mediated by retinohypothalamic 
projections. In animal studies it has also been shown 
that these neural pathways are involved in two other 
responses to light: the suppression of melatonin pro- 
duction and the entrainment of circadian rhythms. 
These two effects, which in human beings are also 
believed to be mediated by retinohypothalamic projec- 
tions, have been shown to operate in human subjects 
only when light of much higher intensity than that of 
ordinary room light is used (11, 15). The antidepres- 
sant response to an extended photoperiod might thus 
be a third human response to high-intensity 4ight 
mediated by the hypothalamus. 

Although there was no overall statistically signifi- 
cant effect of dim light in either inpatients or outpa- 
tients, it is interesting that some patients appeared to 
improve under this condition. This was particularly 
apparent in outpatients who received the 300-lux light 
as their first treatment condition. In those who re- 
ceived bright light first, the lack of improvement, or 
even deterioration, under dim light might have been an 
extension of the effect of withdrawal from bright light. 
It is possible that for some patients the 300-lux 
condition was above the critical intensity threshold for 
an antidepressant effect, perhaps because of an abnor- 
mal sensitivity to light. Lewy et al. (16) have reported 
such an exaggerated sensitivity to the melatonin-sup- 
pressing effects of light in patients with bipolar affec- 
tive disorder. However, that study was performed on 
patients with nonseasonal affective disorder, who may 
differ from patients with the seasonal affective disorder 
with regard to light sensitivity, just as these groups 
differ in other ways (2). 

An important consideration in evaluating the effects 
of different treatments is the possibility that different 
patient expectations of the two conditions contribute 
to the different outcomes. After the second treatment 
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condition, patients were generally aware of differences 
in the lighting conditions to which they were exposed. 
Although the case for using each condition was pre- 
sented in a systematic and balanced way, retrospective 
questioning suggests that the very dim light used for 
the inpatients was not a plausible placebo, whereas the 
300-lux outpatient placebo appears to have been con- 
vincing and was even mistaken for the bright light on 
occasion by both patients and staff. Outpatients ap- 
plied themselves diligently to both conditions, and we 
had no reason to believe that they had different 
expectations of them. Although inpatients went along 
with both light conditions as instructed, they were far 
less hopeful about the dim light condition. Although a 
nonspecific placebo response cannot be totally exclud- 
ed as an explanation for the antidepressant effect of 
bright light, the pattern of response and relapse was 
similar in the II subjects who responded, well and 
closely replicated our previous findings (2). The simi- 
larity of first and second bright light responses in eight 
subjects, the latency of response and relapse (a few 
days), and the successful use of maintenance light 
therapy throughout the winter by four subjects also 
make a placebo explanation appear unlikely. 

The preliminary evidence that evening light treat- 
ment is effective is of both practical and theoretical 
interest. Many patients might prefer to use lights in the 
evening only and object to being awakened early in the 
morning. Webr and Goodwin (17) have speculated 
that the early morning hours might be critical in the 
pathogenesis of depression and in the antidepressant 
response to certain circadian manipulations. Thus 
sleep deprivation has been shown to be more effective 
when administered in the early morning than in the 
evening hours (8). On the basis of our preliminary 
findings, the early morning hours do not appear to be 
critical to the antidepressant response to light in 
seasonal affective disorder. This is consistent with our 
clinical impression that the typical circadian variation 
seen in melancholia, with symptoms severest in the 
early morning and improving throughout the day, is 
not typical of seasonal affective disorder; nor have we 
found the REM sleep abnormalities suggestive of a 
circadian disturbance (2). It is noteworthy, however, 
that the antidepressant response to evening light was 
less impressive than the response to a combination of 
morning and evening light. This might be due to the 
smaller total number of hours of light per day used in 
evening light treatment, less diligent compliance (since 
the main study had been completed), or, perhaps, a 
greater sensitivity to light treatment in the early morn- 
ing hours. 

The successful maintenance of the antidepressant 
response in 10 patients corroborates our earlier experi- 
ence that the response can be sustained. However, it is 
dependent on regular use of light treatment, and a few 
days without light generally cause relapse until the 
longer days of spring and summer return. 

If light is effective in treating seasonal affective 
disorder, how might this effect be produced? One 



possibility is that the antidepressant response is due to 
the suppressant effect of bright light on the pineal 
hormone, melatonin (15). This hormone is secreted at 
night, it is suppressed by bright but not ordinary 
artificial light, and the duration of its secretion is an 
important seasonal time cue in other mammalian 
species (18). 

Although animal studies highlight the potential role 
of melatonin in seasonal affective disorder, other possi- 
ble neurochemical mediators should not be over- 
looked. Among these, serotonin appears to be a prom- 
ising neurotransmitter to study (2). Melatonin and 
serotonin are only two of the many possible neuro- 
transmitters that may be involved in producing the 
symptoms of this disorder. Given the complex way in 
which neurotransmitter systems interact, it would be 
naive to suggest that an abnormality in a single 
neurotransmitter system is responsible for all the 
symptoms of seasonal affective disorder. 

Aside from the question of neurotransmitter media- 
tion, it would also be worthwhile investigating 1) 
which other patients may benefit from light therapy, 2) 
the most effective and least time-consuming way to 
administer light therapy, and 3) what underlying phys- 
iological features differentiate seasonal from nonsea- 
sonal affective disorder. 

We believe that patients with marked and predict- 
able "behavioral responses to the seasons provide clini- 
cal investigators with a unique opportunity for study- 
ing the interaction between vulnerable individuals and 
their physical environment. Light may prove to be an 
important element in the treatment of such patients 
and a valuable key to understanding their condition. 
Behavioral and psychological effects of light may be 
important both in clinical practice and in public health 
planning. 
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The Time Course of Information-Processing 
Deficits in Schizophrenia 

David L. Braff:, M.D., and Dennis P. Saccuzzo, Ph.D. 



A visual backward masking task was used to 
specify the time course of the information-processing 
dysfunction in 19 schizophrenic patients and 15 
matched control patients using novel interstimulus 
intervals. The authors found that the information- 
processing deficit in schizophrenic subjects occurred 
at interstimulus intervals of greater than 60 msec and 
less than 500 msec. These data are compared with 
the results of evoked-potential and other 
psychophysiological studies. The visual-processing 
impairment is specific and time-linked rather than a 
reflection of the effects of gross psychopath ology or 
medication in schizophrenic individuals. 

(Am J Psychiatry 142:170-174, 1985) 



There is growing evidence that schizophrenic indi- 
viduals have a dysfunction of information proc- 
essing that occurs in the first several hundred millisec- 
onds following stimulus intake (1-6). Theoretically, 
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this information-processing/attentional abnormality 
results in the cognitive fragmentation and thought 
disorder typically seen in schizophrenic patients. A 
major issue in this area entails specifying the time 
course and implication of the information-processing 
deficit in schizophrenia. 

The backward masking procedure is a major ad- 
vance in evaluating the earliest stages of the informa- 
tion-processing deficit in schizophrenia (3, 7). This 
evaluation is viewed as critically important, since gross 
cognitive disruption may be secondary to the earliest 
abnormal stage of information processing. In a back- 
ward masking paradigm, a stimulus containing infor- 
mation content, known as the test or target stimulus, is 
briefly presented tachistocopically. The test stimulus is 
followed at an interval by a noninformation masking 
stimulus. At brief interstimulus intervals, the mask 
disrupts target stimulus processing, preventing the 
target from reaching awareness (8-10). At longer 
intervals, the target is identified before the mask 
disrupts processing (figure 1). 

Despite differing hypotheses of how the mask acts, 
current theories of backward masking usually hold 
that the masking stimulus limits the duration or quali- 
ty of stimulus processing (8-10) and thus may provide 
a means of measuring speed of information processing. 
By determining the interval between the target and 
mask stimulus at which the mask no longer interferes 
with processing of the target, one can estimate an 
individual's speed of information processing. Appar- 
ently, this interval between sensory registration and 
conscious recognition reflects the speed with which 
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Summary 



The aim of ttos study was .to compare the relative therapeutic efficacies of three different light sources 
fo treating w,n er depression. A balanced incomplete block crossover design was employed, whereby al 
patients („ = 18) were randomly assigned to two out of the three treatment conditions: white, red and olue 
light. The degree of depress.on was assessed by the 21-item Hamilton Depression Rating Scale The data 
Std^HI 2 fr^ 611 ?^ °, " X 10,5 P hoto -/s/cm^, white lighfhas v^Z^Zt^ 
than red or blue light It .s clear that a larger sample population should be tested to confirm this result. 
This prehminary finding md.cates that light sources currently in use for phototherapy could not be 
unproved by narrowmg the wavelengths provided and shifting them towards either end of the visible 
spectrum. 



Key words: Depression; Seasons; Light; Wavelength; Seasonal affective disorder 



Introduction 

• Seasonal affective disorder (SAD) is a condi- 
tion characterized by regular depressions in the 
fall and winter alternating with non-depressed 
periods in the spring and summer (Rosenthal et 
al., 1984). Treatment with bright environmental 
light has been widely shown to produce antide- 
pressant effects in patients with SAD. For its 
antidepressant effect, the light has to be adminis- 
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tered to the eyes, as opposed to the skin (Wehr et 
al., 1987), and has to be above a certain threshold 
intensity, considerably higher than ordinary in- 
door lighting (Lewy et al., 1982; Rosenthal et al., 
1984, 1985; James et al, 1985). Usually a dosage 
strength of 2500 lux of broad-spectrum white light 
has been used for treatment of SAD (Rosenthal et 
al., 1988; Terman et al., 1989, for reviews). 

There has been more controversy over other 
parameters of light treatment necessary for its 
beneficial effects in SAD, including the timing 
and duration of treatment (James et al., 1985; 
Hellekson et al., 1986; Lewy et al., 1987a,b; Ter- 
man et al., 1987; Jacobsen et al, 1987; Wirz-Jus- 
tice et al., 1987; Isaacs et al., 1988). This con- 
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troversy has recently been reviewed by Rosenthal 
et al. (1988) and Terman et al. (1989). The spectral 
qualities of light necessary for the treatment effect 
have not been directly addressed; yet this question 
is important for both practical and theoretical 
reasons. Understanding which wavelengths are in- 
volved in the antidepressant effects of light might 
lead to the design of an optimal light source for 
this treatment. In addition, such information might 
help us to understand which photoreceptors 
mediate the antidepressant effects of light. In the 
present study we address the issue of spectral 
requirements of light therapy by comparing the 
relative therapeutic efficacies oif three different 
light sources: white, red and blue. 

Methods 

Patients were recruited by the media, referrals 
from therapists and word-of-mouth publicity. To 
be included they had to meet the diagnostic criteria 
for SAD (Rosenthal et al., 1984), have normal 
color vision and be willing to undergo the experi- 
mental treatment. The clinical and demographic 
features of the patient population in this study are 
similar to the total SAD population (« = 303) 
treated at NIMH up to the fall of 1989. The mean 
age was 42.5 and the age of onset was 22.8. The 
sex ratio was 61% female and 39% male, while the 
percentages of the study patients with a diagnosis 
were bipolar II (68%), bipolar I (5%) and unipolar 
(27%) depression. All patients provided informed 
consent. Patients were followed regularly in an 
outpatient clinic at the NIMH and when they 
became depressed were rated by means of the 
21-item Hamilton Depression Rating Scale (Ham- 
ilton, 1967). When the total score on this scale was 
greater than 13, they were considered eligible to 
enter the treatment study. A balanced incomplete 
block .crossover • design (Fleiss, . 1986) was em- 
ployed, whereby all patients were randomly as- 
signed to two out of the three treatment condi- 
tions: white, red and blue light. An equal number 
of subjects -was allocated to each lighting condi- 
tion for first and second treatments in the cross- 
over. Each light treatment was administered for 1 
week,- followed 'by at . least 1 week of washout. 
Daily light treatments were administered for 2 h 
in the. morning (between 6.30 and 9.00 a.m.) and 2 



h in the evening (between 6.30 and 9.00 p.m.). 
After each week of treatment and washout, mood 
was rated by a rater blind to the treatment condi- 
tion. In order to begin the second treatment con- 
dition, the patient's Hamilton Rating score was 
required to be 9 points or more, a lower level than 
that required for the initial treatment since previ- 
ous experience has indicated that depression levels 
frequently take more than 1 week to relapse to 
pre-light treatment levels (Rosenthal et al., 1988). 
If the Hamilton Rating level was less than 9 after 
1 week of washout, additional weeks were allowed 
before starting the second treatment condition. 
Since the 21-item Hamilton Rating Scale does not 
measure such symptoms as overeating, oversleep- 
ing, carbohydrate craving, weight gain, social 
withdrawal and fatigue,' a supplement to the Ham- 
ilton Rating, specially constructed for measure- 
ment of depression in SAD (Rosenthal and Hef- 
fernan,' 1986), was also administered together with 
each Hamilton Rating. 

Lighting conditions consisted of equal quanta 
exposures (2.3 X 10 15 photons/s/cm 2 ) of white, 
red or blue light. The white light source was 
Vitalite® (Durotest Corporation), the source that 
has been used as the active condition in most 
previous lighting studies (Terman et al., 1989). 
The red (F40R) and blue (F40BB) lamps were 
provided by the Westinghouse Division of Philips 
Inc. The wavelength emission of all light sources is 
shown in Fig. 1, Wavelengths were measured at 1 
nm increments by a computer-driven (Digital 
Equipment Corp. PR 0350) spectroradiometer 
(Optronics Model 747) at the Center for Devices 
and Radiological Health. This equipment was 
calibrated with a standard lamp traceable to the 
National Bureau of Standards. The red lamp 
emitted a half-peak bandwidth of approximately 
615-655 nm and the blue emitted a half-peak 
bandwidth of approximately 430-465 nm. All 
lamps and ballasts were contained in metal cases 
and covered by plexiglass diffusers, which cut off 
ultraviolet energies below 341 nm. To balance the 
photon density from the three sources, the number 
of lamps and the distance the patient sat away 
from the lamps were manipulated. Thus, for the 
blue and white sources, six lamps were used. The 
patient sat at a distance of 36 inches from the 
white source and 27 inches from the blue source. 
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Light 


Quanta 

(photons/ 

s/cm 2 ) 


Irradiancc 
(/xW/cm 2 ) 


lllumiuanc 

Photopic 

lux 


Scotopic 


White 


2.3X10 15 


819 


2236 


4752 


Red 


2.3 X10 15 


690 


603 


31 


Blue 


2.3X10 13 


1000 


638 


7812 



For the red source, 18 lamps were used and the 
patient sat at a distance of 25 inches. The emitted 
photon density,, irradiance and both photopic 
(daytime) and scotopic (nighttime) illuminance of 
each light source are shown in Table 1. 

Patients' expectations of treatment were 
evaluated before each treatment condition by 
means of a self-administered questionnaire (Kaz- 



din and Krouse, 1983), completed immediately 
after the details of the treatment condition had 
been explained and the light to be used had been 
shown for 2 min. . 

Response was evaluated in several ways. The 
change values of the Hamilton Depression Rating 
Scale scores (from before to after each treatment 
condition) were analyzed by means of an ANOVA 
with repeated measures specifically designed for a 
balanced incomplete block study (Fleiss, 1986). 
Terman and colleagues (1989) have suggested arr 
altemative means of assessing data from SAD 
studies based on their analysis of all light therapy 
studies performed on SAD patients up to the 
winter of 1987-1988. Following their method of 
analysis, we also performed a balanced incomplete 
block ANOVA with repeated measures (Fleiss, 
1986) on the number of subjects whose Hamilton 
Rating scores dropped to 50% or less, of baseline, 




WAVELENGTH <NM) 

Fig. 1. Spectral power distribution of the different light units used in the experiment. The bold line represents the blue, the dashed 
line represents the red and the normal line represents the white light sources. 
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the number of subjects who reached a final score 
of less than 8 points, and the number of subjects 
who both dropped to 50% of baseline and reached 
a final score of less than 8 points. The expectation 
questionnaire results were analyzed by means of 
the special repeated measures ANOVA mentioned 
above. Pearson correlations were performed be- 
tween pretreatment expectation ratings and Ham- 
ilton Depression change scores for each treatment 
condition. 

Results 

All studies were performed during the fall and 
winter of 1986/1987. A total of 21 subjects en- 
tered the study and 18 completed two treatment 
conditions. Of the three subjects who failed to 
complete the crossover, two dropped out during 
the first week of treatment, one during the red 
light and one during the white light condition. The 
third patient did not complete the study because 
she did not relapse following the first treatment 
(white light) and was therefore ineligible for the 
second treatment. 

The mean typical Hamilton Depression Rating 
Scale (HDRS) change scores ( ± SD) were 9.2 ± 6.8 
for white light therapy, 5.6 + 6.8 for blue light 

White 



Red White Blue 



>50% 

HDRS drop 2/12 7/12 2/12 2,16 6.8 < 0.01 
< 8 final 

HDRS score 3/12 4/12 1/12 2,16 1.6 NS 
Both >i0% 

and <8 1/12 4/12 1/12 2,16 3.04 NS 

The numbers in the columns labeled red, white and blue 
indicate numbers of responding/non-responding patients. 

therapy, arid 4.3 + 6.9 for red light therapy. Indi- 
vidual baseline and posttreatment values are il- 
lustrated in Fig. 2. The mean ( ± SD) change scores 
for the HDRS addendum were 6.4 + 5.7 for white 
light therapy, 3.2+ 5.0 for blue light therapy, and 
3.5 ± 5.7 for red light therapy. Pretreatment ex- 
pectation scores (mean + SD) were 177.9 ± 17.4 
for white light therapy, 168.86 + 29.6 for blue 
light therapy, and 165.5 ± 24.5 for red light ther- 
apy. ANOVA with repeated measures showed no 
statistical difference between the three treatment 
conditions for either HDRS scores or expectation 
scores. 

ted Blue 




e (BL) and posttreatment (RX) Hamilton Depression Rating Scale values for patients treated with equal 
• photon densities of different spectra of light. 
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Table 2 illustrates the raw data and the statisti- 
cal analysis of assessing the data according to the 
method of Terman and colleagues (1989). Signifi- 
cantly more patients had a greater than 50% drop 
in their Hamilton scores compared to baseline 
when exposed to white light as opposed to equal 
photon densities of red or blue light (P<0.01). 
There were no other significant differences among 
the different treatment groups relative to numbers 
of patients who had posttreatment Hamilton scores 
of less than 8, or both a 50% drop in Hamilton 
scores and a final score of less than 8. 

There was no difference between pfetreatment 
expectation scores for the three light treatment 
conditions. There were no significant correlations 
between expectation scores and HDRS change 
scores for red light (/• = 0.12), blue light (/• = 0.07> 
and white light (r = 0.04) treatments. ANOVA 
showed no significant difference between expecta- 
tions for any of the light sources. 

Discussion 

This study is the first step towards defining an 
action spectrum of light therapy for winter depres- 
sion. The significantly higher number of re- 
sponded to white light suggests that broad spec- 
trum white light at this particular photon density 
is superior to restricted bandwidths of light in the 
red and blue portions of the visible spectrum. On 
the other hand, since conventional parametric 
analysis of pre- and posttreatment scores showed 
no significant differences between treatment con- 
ditions, these results cannot be considered defini- 
tive. The relatively small sample sizes in each 
condition, however, raise the possibility that this 
latter finding might be due to a type II statistical 
error. 

To address the problems of potential placebo 
and type II errors for light therapy studies of 
SAD, Terman et al, (1989) analyzed the data from 
all light therapy studies done up until the publica- 
tion of their paper. They suggested methods for 
distinguishing between placebo and "real" re- 
sponses. The latter responses should, according to 
them, bring the Hamilton Rating score to less 
than 8 points and to less than 50% of the baseline 
rating, When they applied these criteria, they 
found that the mean ratio across studies of re- 



sponders to total participants in light therapy 
studies ranged from 0.31 to 0.51. The mean ratio 
for dim light (300 lux or less) treatments, used as 
placebo or control treatments for the bright light, 
was 0.11. In the present study, the ratio of re- 
sponded (> 50% drop and <8 posttreatment 
HDRS) to participants was 0.33 for the white light 
and 0.08 and 0.08 for the blue and red light 
treatment conditions respectively. Whereas a 
higher percentage of patients responded to white 
light versus blue or red, none of the 1-week light 
therapy treatments showed a statistically signifi- 
cant therapeutic response according to the most 
conservative criteria. It is clear that a larger sam- 
ple size is required for studies using the strictest 
criteria suggested by Terman and colleagues 
(1989). 

Relative to a greater than 50% decrease in 
HDRS scores alone, those patients exposed to 
white light in the study reported here had a sig- 
nificantly better improvement compared to pa- 
tients exposed to the blue or red light at an equal 
photon density (P < 0.01). If this approach to the 
analysis of light therapy data is valid, the data 
from this study suggest that the white light condi- 
tion had a specific treatment effect, the red and 
blue light conditions had only a placebo effect. It 
should be noted that placebo capsules have also 
been shown to be associated with small, but statis- 
tically significant improvement in depression rat- 
ings in SAD and other types of depression 
(Rosenthal et al., 1988; O'Rourke et al., 1989). 
There is still considerable debate in the field of 
SAD phototherapy as to what is the best analyti- 
cal method for treatment outcome. 

Researchers in light therapy have grappled with 
the problem of the placebo effect, which is mag- 
nified in the case of this intervention because the 
intervention is apparent to the subject and the 
gold standard of psychopharmacology studies, the 
double-blind, is not available. Since expectations 
of treatment outcome are thought to contribute to 
a significant degree to the placebo effect, evalua- 
tion of expectations before treatment is a useful 
strategy. In the present study there was no dif- 
ference between the expectations for the different 
treatment conditions. Nor was there any relation- 
ship between expectations and outcome. Hence, 
there is evidence that the patients' response to 
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light was not merely an extension of their precon- 
ceived expectation. 

Previously it was demonstrated that light must 
enter the eyes to produce a therapeutic response in 
SAD (Wehr et aL, 1986). It is not known which of 
the human photoreceptors and photopigments re- 
lay light information to the circadian and neuro- 
endocrine systems or produce the antidepressant 
effects of light. Human rods contain the photopig- 
ment rhodopsin which has a peak absorption of 
light at 509 nm which matches the sensitivity peak 
of night (scotopic) vision (Rodieck, 1973). In con- 
trast, cones mediate daytime (photopic) vision and 
contain one of three color sensitive photopig- 
ments: blue with its peak sensitivity at 440 nm, 
green with its peak sensitivity at 540 nm, or red 
with its peak sensitivity at 580 nm. Cones operate 
principally in bright light and work together to 
produce photopic vision with a peak sensitivity to 
light at 550 nm. Illuminance mediating photopic 
vision is quantified in units of photopic lux while 
units for scotopic vision are scotopic lux (see 
Table 1). 

Studies in rodents have suggested that rhodop- 
sin is the photopigment which mediates entrain- 
ment of circadian wheel running behavior (Cardi? 
nali et al., 1972; Takahashi et al., 1984). Other 
rodent studies, however, have indicated that a 
photopigment more sensitive to blue wavelengths 
may participate in mediating circadian and neuro- 
endocrine responses (Brainard et al., 1984; Milette 
et al., 1987; Thiele and Meissl, 1987; Hotz et al., 
1990). Further studies have even demonstrated 
that the rodent neuroendocrine and reproductive 
axis has a sensitivity to near-ultraviolet radiation 
which is classically considered nonvisible (Brainard 
el al., 1986, 1987; Podolin et al., 1987). The pre- 
cise mechanism for light stimulation of the rodent 
circadian and neuroendocrine system has not been 
determined. Furthermore, there is a great species 
diversity in the structure and function of mam- 
malian retinas (Rodieck, 1973). 

In humans, the intensity-response curve for the 
suppression of plasma melatonin by monochro- 
matic light at 509 nm has been determined 
(Brainard et al., 1988). Hence, the human neuro- 
endocrine system is responsive to both broad band 
white light and very narrow band or monochro- 



matic visible light (Lewy et al., 1980; Brainard et 
al., 1988). Although a full action spectrum has not 
been determined, it has been shown that it is 
feasible to test the relative responsiveness of the 
human neuroendocrine system to different wave- 
lengths (Brainard et al., 1988). 

The data presented here represent a first step 
toward determining what photoreceptors mediate 
the antidepressant effects of light in SAD patients. 
Results from this study suggest that the blue cones, 
or the red cones, by themselves, do not mediate 
the antidepressant effects of light since the blue 
and red light sources did not produce a photother- 
apeutic response greater than that associated with 
placebo treatments in earlier phototherapy studies 
(Rosenthal et al., 1988; O'Rourke et al., 1989). 
Since white light has been shown to produce a 
significant treatment response in other studies 
(Rosenthal et al,, 1988; Terman et al., 1989) and 
did so in the present study as well, this response 
may be mediated by three different photoreceptor 
cells, either individually or in combination: (1) 
rods, (2) green cones or (3) a novel photoreceptor 
cell type not yet identified. It is also possible that 
the antidepressant effects of light depend on com- 
binations of photoreceptors working together such 
as simultaneous action of (1) all cone cells, (2) all 
cone cells and rods, or (3) rods and green cones. 
Further research can clarify the ocular mechanism 
responsible for the light treatment of SAD. 

If one accepts that white light is superior to red 
and blue light in its antidepressant effects, what 
are the implications of the finding? It would sug- 
gest that the light sources currently in use could 
not be improved . by narrowing the wavelengths 
provided and shifting them towards either end of 
the visible spectrum. The present study naturally 
leads to the next logical experiment which would 
test the relative efficacy of bandwidth of green 
light for relief of winter depression. A follow-up 
study comparing green light to red light at 2.3 X 
10 15 photons/s/cm 2 for SAD phototherapy has 
been reported preliminarily (Oren et al., 1989). 
That study indicated that equal photon densities 
of green light induced greater antidepressant ef- 
fects than red light. Further studies are needed to 
clarify the exact wavelength characterisitics that 
produce the antidepressant action of light. 
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incandescent light visor, ranks with fluorescent light boxes as well- 
studied devices in light therapy. Each of three studies used a very simi- 
lar light visor, and these studies had larger sample sizes than any single 
light-box study (Joffe et al., 1993; Rosenthal et al., 1993; Teicher et al., 

1995) . The visor studies have the added benefit of multicentre designs, 
which usually enhance generalizability of the results. The effect sizes 
(i.e., standardized differences between pre- and posttreatment) and re- 
sponse rates of the light visors were large and comparable to light-box 
studies. However, the results are problematic because the putative pla- 
cebo conditions in the light-visor studies, consisting of very dim light 
(30 to 60 lux), also led to good responses, and there were no differences 
between the dim-light and bright-light conditions. The possible expla- 
nations for these findings are that (1) the light visors are no more effec- 
tive than placebo conditions, (2) the placebo responses in these studies 
are considerably higher than the light-box studies, or (3) the dim lights 
are not suitable placebo controls for light visors. Of note for the third 
possibility is that even dim light of less than 100 lux can produce bio- 
logical effects such as melatonin suppression under certain conditions 
(Brainard, 1998). 

The red LED light cap was used in two studies. One had a reasonable 
sample size (43 patients in two conditions) (Levitt et al'., 1994), whereas 
the other had smaller samples in each condition tested (Levitt et al., 

1996) . Again, although response rates were good, and comparable to 
light-box studies, there was no differentiation between any active light 
condition with any putative control. Even a "no light" condition did as 
well as the bright-light box in the smaller sample study: Therefore, as 
with the light visor, efficacy has not yet been demonstrated for the light 
cap. The results of these studies were summarized in a meta-analysis 
that showed no evidence of effectiveness for head-mounted units 
(Thompson et al., 1999). 

Dawn simulation is a technique used to simulate the effects of a sum- 
mer dawn during the winter by gradually increasing ambient light while 
patients are sleeping (Terman et al., 1989a). Compared with light therapy, 
dawn simulation uses much lower light intensities, and the light is ad- 
ministered while patients are sleeping (with their eyes closed). Dawn 
simulation using a maximum illumination of 250 lux was shown in 
two small parallel studies to be superior to very-dim-light conditions 
(less than two lux) (Avery et al., 1993, 1994). However, another study 
by the same group showed no difference between a gradual and a rapid 
275 lux dawn (Avery et al., 1992b). Thus, it remains unclear whether 
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the gradual ramping of the light intensity is actually necessary. A recent 
study also found that bright-light therapy for six days was superior to 
dawn simulation for two weeks (Lingjaerde et al., 1998). 

Although clinical efficacy has not been conclusively demonstrated 
for these other light devices, the clinical response rates for head-mounted 
units and dawn simulators may be similar to those for other treatments 
for SAD. The panel consensus was that some patients may benefit from 
these devices, though they were not recommended. For example, in 
situations in which patients require greater portability than that afforded 
by light boxes, head-mounted units or dawn simulators may be consid- 
ered for treatment. 



Recommendations: Light Devices 

(1) Light therapy is an effective first-line treatment for seasonal affec- 
tive disorder. [Level 1 evidence] 

(2) The fluorescent light box, with light intensities of greater than 2, 500 
lux, is the preferred device for light therapy. [Level 1 evidence] 

(3) Some patients may respond to other light devices, such as head- 
mounted units and dawn simulators. [Level 5 evidence] 



What are the relevant parameters of light therapy? 

The four basic parameters commonly used to describe light therapy are 
intensity, wavelength, duration of daily exposure, and timing of light 
exposure. Intensity is usually expressed in lux, a photometric unit of 
illuminance that corrects for the visual spectral responsiveness of the 
eye. As references, living room evening lighting is usually less than 100 
lux, bright office lighting is in the order of 300 lux to 500 lux, outdoors 
on a cloudy day ranges from 1,000 lux to 5,000 lux, and direct midday 
sunlight can reach 50,000 lux or higher. Lux has been shown to have 
relevance in studies of light on circadian rhythms and other biological 
parameters (e.g., light suppression of nocturnal melatonin secretion). 
Nonetheless, there is still controversy about whether a photometric 
unit is the best measure of the biological and therapeutic effects of 
light. Other possibilities include the use of radiometric measures such 
as irradiance and quantum density, which are based exclusively on the 
physical properties of light (Brainard, 1998). The "dose" of light can 
also be varied by changing the daily duration of exposure. However, 
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Abstract 

Background: Recent research has emphasized that the human circadian rhythm system is differentially sensitive to short 
wavelength light. Light treatment devices using efficient light-emitting diodes (LEDs) whose output is relatively 
concentrated in short wavelengths may enable a more convenient effective therapy for Seasonal Affective Disorder 
(SAD). 

Methods: The efficacy of a LED light therapy device in the treatment of SAD was tested in a randomized, double-blind, 
placebo-controlled, multi-center trial. Participants aged 18 to 65 with SAD (DSM-IV major depression with seasonal 
pattern) were seen at Baseline and Randomization visits separated by I week, and after 1 , 2, 3 and 4 weeks of treatment. 
Hamilton Depression Rating Scale scores (SIGH-SAD) were obtained at each visit. Participants with SIGH-SAD of 20 or 
greater at Baseline and Randomization visits were randomized to active or control treatment: exposure to the Litebook 
LED treatment device (The Litebook Company Ltd., Alberta, Canada) which delivers 1 ,350 lux white light (with spectral 
emission peaks at 464 nm and 564 nm) at a distance of 20 inches or to an inactivated negative ion generator at a distance 
of 20 inches, for 30 minutes a day upon awakening and prior to 8 A.M. 

Results: Of the 26 participants randomized, 23 completed the trial. Mean group SIGH-SAD scores did not differ 
significantly at randomization. At trial end, the proportions of participants in remission (SIGH-SAD less than 9) were 
significantly greater (Fisher's exact test), and SIGH-SAD scores, as percent individual score at randomization, were 
significantly lower (t-test), with active treatment than with control, both in an intent-to-treat analysis and an observed 
cases analysis. A longitudinal repeated measures ANOVA analysis of SIGH-SAD scores also indicated a significant 
interaction of time and treatment, showing superiority of the Litebook over the placebo condition. 
Conclusion: The results of this pilot study support the hypothesis that light therapy with the Litebook is an effective 
treatment for SAD. 



Trial registration: Clinicaltrials.gov: NCT00I39997 



Page 1 of 8 

(page number not for citation purposes) 



BMC Psychiatry 2007, 7:38 



http://www.biomedcentral.eom/1471-244X/7/38 



Background 

Seasonal Affective Disorder (SAD, winter depression) is a 
well-recognized form of recurrent depressive disorder, 
characterized by typical and atypical (increased appetite, 
weight, sleep and fatigue) depressive symptomatology 
and a distinct seasonal nature [1,2]. SAD is thought to be 
related to natural seasonal variations in light levels. Bright 
light therapy - exposure of the patient each morning to 
bouts of artificially produced high intensity light - has 
been shown to produce amelioration of depressive symp- 
toms. Over 70 trials addressing the efficacy of light ther- 
apy have now been conducted, including 2 large 
controlled trials [3,4] which demonstrated clear efficacy. 
Light therapy was found to be similar in efficacy to treat- 
ment with fluoxetine in a large controlled trial [5]. Several 
meta-analyses have found that light treatment is effective 
for SAD [6-8]. While light therapy appears to be an effica- 
cious form of treatment, the traditional mode of delivery 
via a relatively large and bulky light box can be cumber- 
some for patients. Finding easier and briefer forms of 
treatment has been a major goal of the field. 

Light therapy using light- emitting diodes (LEDs) may 
offer advantages over conventional light boxes based on 
fluorescent or incandescent sources. First, recent data indi- 
cate that the human circadian rhythm system is most sen- 
sitive to light with wavelength in the range 450 - 480 nm 
[9-11]. LEDs can be selected to emit light with energy con- 
centrated in this range, while fluorescent and incandes- 
cent sources emit across the visible spectrum. Although 
the role of the circadian rhythm system in the pathophys- 
iology of SAD is unclear [12], one study has shown that 
LED-generated blue light (398 lux, peak energy output 
around 468 nm) was more effective than LED-generated 
red light (23 lux, peak output around 654 nm) [13]. Sec- 
ondly, LEDs are more efficient and lighter than tradition- 
ally used fluorescent tubes, and may permit significantly 
smaller and lighter treatment devices. The aim of the 
present study was to conduct a randomized placebo-con- 
trolled trial to test the efficacy of a white LED device 
whose light emission was relatively concentrated in 
shorter wavelengths (the "Litebook", The Litebook Com- 
pany Ltd., Alberta, Canada). Since negative ion generators 
have been reported to be effective in treatment of SAD 
[14], a "credible placebo" design similar to that of East- 
man and colleagues [4], in which an inactivated negative 
ion generator was used as a "no light" control condition, 
was employed. The results suggest that treatment with the 
Litebook LED device is an effective treatment for SAD. 

Methods 

Study Protocol 

This is a multi-center, randomized, double-blind, parallel- 
group clinical trial of light therapy for participants with 
SAD (winter type). Participants were seen at a Baseline 



Visit, a Randomization Visit, and after 1, 2, 3 and 4 weeks 
of treatment. Participants who appeared to meet the inclu- 
sion criteria and not meet exclusion criteria at the Baseline 
Visit were invited to return in 1 week for a Randomization 
Visit. At this visit participants who continued to meet 
study criteria were issued either an active light treatment 
device or a placebo inactivated ion generator. Participants 
were seen at weekly intervals during 4 weeks of treatment. 
Participants were enrolled between October 1 and March 
1 to reduce confounding effects of natural remission as 
expected in the spring. 

Severity of depressive symptoms was rated at each visit 
using a 24-item SIGH-SAD, a scripted version of the Ham- 
ilton Depression Rating Scale [15] modified to reflect bet- 
ter the atypical symptomatology of SAD [16]. This version 
of the SIGH-SAD consists of the HDRS 17-item scale plus 
the first 7 atypical items (i.e., excluding Reverse Diurnal 
Variation). At the Randomization Visit and the subse- 
quent 4 visits, SIGH-SAD ratings were carried out by a cli- 
nician blinded to the assigned treatment device. The 
blinded clinician also completed a systematic inquiry 
about any adverse events. A separate unblinded clinician 
dispensed and demonstrated the treatment device at the 
Randomization Visit, and was available at subsequent vis- 
its if required. 

The study was conducted at 5 sites, in New Haven (USA), 
Vancouver, Montreal and Ottawa (Canada), and Gronin- 
gen (The Netherlands). The research protocol was 
approved by applicable institutional review boards and 
met standards established by the Helsinki Declaration, 
and participants signed appropriate consent forms. The 
trial was registered at the U.S. National Institutes of 
Health clinical trials database [17]. 

Participants 

Participants were recruited through media advertisements 
or professional referrals, screened by experienced inter- 
viewers by telephone, and if appropriate invited for a 
Baseline Visit. At this visit, participants received a full psy- 
chiatric evaluation, physical exam, urine toxicology for 
commonly abused substances, and urinary beta-HCG for 
female participants. Participants were required to be 
between ages 18 and 65, to have a DSM-FV diagnosis of 
SAD (major depressive episode, with seasonal pattern, 
winter type [18] and to have a SIGH-SAD score of 20 or 
greater. Diagnosis was established with the Structured 
Clinical Interview for DSM-IV (SCID) [19]. Participants 
also completed the Morningness-Eveningness Question- 
naire (MEQ), a measure of preference for activity in the 
early or late part of the day [20] . 

Participants were told that the study involved treatment 
with either a new light treatment device or a negative ion 
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generator, that both types of treatment were experimental, 
and that the study was placebo-controlled. In particular, 
participants were told that one half of the devices in the 
study were modified in such a way that the investigators 
did not expect the device to be efficacious. In order to 
demonstrate informed consent, participants had to dem- 
onstrate understanding that if they participate they have a 
one in two chance of being assigned to treatment expected 
to be inactive for 4 weeks. 

Exclusion criteria were: significant medical illness, any ret- 
inal disease or medical disorder associated with retinal 
disease; pregnancy; use of photosensitizing medications, 
mood-altering medications, light therapy or other treat- 
ment for SAD within 1 week of the Baseline Visit (except 
within 4 weeks in the case of pharmacological antidepres- 
sant agents); initiation of psychotherapy within 3 months 
of the Baseline Visit, except where terminated by the par- 
ticipant prior to this visit; current organic mental disorder, 
panic disorder, anorexia or bulimia nervosa, obsessive- 
compulsive disorder or posttraumatic stress disorder; a 
history of any psychotic disorder or bipolar I disorder 
(history of manic episode); a history of substance use dis- 
order not in full remission for at least one year; unstable 
sleep or mood patterns (such as severe premenstrual syn- 
drome); previous unsuccessful trial of light therapy with 
an accepted device for at least 2 weeks; inability to provide 
informed consent; poor likelihood of complying reliably 
with study requirements; suicidal risk or other factor mak- 
ing trial participation clinically inappropriate. Partici- 
pants were required to have a habitual sleep onset time 
before 1 A.M., and a habitual sleep end time before 9 
A.M., prior to entry in the trial. Participants were required 
to agree to avoid other treatments for SAD or excluded 
medications, alteration of daily schedule to change light 
exposure, or travel to sunny destinations, to maintain a 
stable sleep schedule, and if female and potentially fertile 
to use an appropriate form of contraception during the 
trial. 

Treatment Devices 

At the Randomization Visit, eligible participants were 
issued an active or control treatment device by the 
unblinded clinician. Assignment to active or control 
group was determined by telephone call by the unblinded 
clinician to the trial sponsor, and was balanced in blocks 
of 4 for each site and gender. The proper use of the device 
was demonstrated to the participant by the unblinded cli- 
nician. After experiencing the assigned device in opera- 
tion, the participant completed a brief questionnaire 
about expectations [21]. Participants were given a tape 20 
inches in length to indicate the correct distance from the 
device. 



The active treatment consisted of a Iitebook treatment 
device with SO LEDs (The Iitebook Company Ltd., 
Alberta, Canada). The SO LEDs employed in this Iitebook 
model contain emitters which have a spectral emission 
peak at approximately 4S4 nm and fluorescent phosphors 
which provide a broader, secondary spectral peak near 
5S4 nm: of the energy emitted over the range 400 to 700 
nm, about 48% is emitted over the range 420 to 508, and 
3 7% is emitted over the range 5 1 2 to S 1 S nm. Collectively 
the emitted light appears white. This device produces 
approximately 1,350 lux light at 20 inches. Participants 
assigned to this device were carefully instructed on align- 
ing the device to illuminate maximally the eyes. An evalu- 
ation by an independent consultant physicist confirmed 
that the Iitebook device meets the relevant sets of stand- 
ards for light exposure safety [22-24]. 

Control treatment consisted of a negative ion generator, 
modified to emit no negative ions (SphereOne, Inc., Silver 
Plume, CO) and to generate a faint high-pitched whine, 
used at the same distance. Participants using the ion gen- 
erator were instructed to wear a wrist strap connected to 
the device to maximize the transfer of negative ions, as 
this intervention has been found to increase expectations 
regarding efficacy for the device [3]. 

Participants were instructed to use the device for 30 min- 
utes each morning, as soon as possible upon arising, and 
to complete treatment before 8 A.M. Participants were 
asked to maintain as stable a schedule of sleep and treat- 
ment as possible during the trial, and were asked to com- 
plete a log of the times of the beginning and end of sleep 
and of treatment. Participants were asked not to disclose 
to the blinded clinician which treatment device they were 
assigned. The blinded study clinician was permitted to 
reduce the duration of treatment to 15 minutes per day 
until the next study visit in the event of jitteriness or over 
stimulation, but this reduction was not required for any 
participant during the trial. 

Statistical analysis 

SIGH-SAD scores were analyzed in both a last observation 
carried forward (LOCF) analysis, including all 26 partici- 
pants who were randomized, and an observed cases (OC) 
analysis, including all 23 participants who completed the 
trial. Remission was defined as a SIGH-SAD score less 
than 9. The a priori endpoint hypothesis was whether the 
proportion of participants in remission differed between 
the active and control treatment groups in the LOCF anal- 
ysis using the Fisher's exact test. In a secondary analysis, 
end trial SIGH-SAD scores, as %SIGH-SAD scores consist- 
ing of final score as percentage of individual score at ran- 
domization, were compared between active and control 
groups by t test. Post hoc comparisons of the proportion of 
participants in remission and mean %SIGH-SAD score 
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were made at Weeks 1, 2 and 3. Secondary analysis also 
included a repeated measures ANOVA mixed model with 
SIGH-SAD as dependent variable and time, treatment, 
and interaction of time and treatment as fixed effects, 
including all randomized participants. A variety of models 
were considered, including participant intercept and slope 
as random effects, autoregressive time-dependent, com- 
pound symmetry or unstructured correlation structures, 
and p ossible transformation of time by the log of one plus 
the week of treatment. The best model was selected by 
Schwartz Bayesian criterion, but all models indicated a 
significant interaction of time by treatment. The final 
model included linear time trend, no random effects, 
transformed time, and autoregressive correlation structure 
(SAS PROC MIX procedure, Kenward-Rogers method for 
degrees of freedom). Statistical assumptions were verified 
by examination of residuals. 

Comparisons between the groups at baseline were made 
with t-tests in the case of continuous variables and Fisher 
exact tests in the case of dichotomous variables. Changes 
in time of sleep or treatment were analyzed with paired t- 
tests for participants who completed the trial, excluding 
one participant with incomplete sleep log data. End trial 
%SIGH-SAD scores were used to assess any relationship 
between therapeutic response and times of sleep or treat- 
ment or other covariate. Statistical analysis was performed 
with STATVIEW version 5.0.1 and SAS version 9.1.3 (both 
from SAS Institute, Cary, NC). All results are reported as 
means + standard deviations. 



Twenty six participants were randomized into the study, 
15 in the active treatment group and 11 in the control 
treatment group. In the active treatment group, 1 partici- 
pant withdrew after the visit Week 1 for unclear reasons, 
possibly related to adverse effects of jitteriness and head- 
ache or to travel plans. In the control treatment group, 1 
participant was withdrawn after Week 1 due to lack of 
improvement, and 1 participant was withdrawn after 
Table I : SIGH-SAD Outcome Measures at Randomization and after I, 2, 3 and 4 weeks of 



Week 1 due to missed treatments related to a motor vehi- 
cle accident. Thus, 23 participants completed the Week 4 
visit, 14 in the active treatment group and 9 in the control 
treatment group. There were no instances of accidental 
unblinding of the depression rating clinicians during the 
trial. 

Mean SIGH-SAD scores for the active and control treat- 
ment groups did not differ significantly at randomization 
(28.0 ± 5.35 versus 25.1 ± 3.22, respectively; as shown in 
Table 1). There were no significant differences between 
the active and control groups in age (44.7 + 12.3 years ver- 
sus 47.6 ± 10.8 years), fraction of female participants 
(64.3% versus 88.9%), fraction of Caucasian participants 
(85.7% versus 100%; in the active treatment group, 1 par- 
ticipant was Black and 1 participant Hispanic), number of 
previous episodes of SAD (11.1 ± 9.9 versus 10.6 + 9.0), 
age of first SAD episode (30.3 + 11.6 versus 35.4 ± 13.4), 
weight (78.4 ± 18.0 kg versus 71.1 ± 14.1 kg), BMI (28.9 
± 6.5 versus 26.1 ± 5.1), expectation scores (3.88 ± 0.70 
versus 3.37 + 0.86), or MEQ scores (51.5 + 10.2 versus 
55.2 + 6.3). 

SIGH-SAD scores improved in both groups over the 4 
weeks of treatment, with active treatment participants 
showing greater improvement (Table 1, Figure 1). The 
proportion of participants achieving remission was signif- 
icantly greater in the intent-to-treat LOCF analysis: 53.3% 
versus 9.1%, p = 0.036 (the a priori endpoint hypothesis 
of the trial). The proportion of participants achieving 
remission was also significantly greater with active than 
control treatment in the OC analysis of all randomized 
participants: 57.1% versus 11.1%, p = 0.040 (Fisher's 
exact test; remission defined as SIGH-SAD score <9). 
There were no significant differences in proportion of par- 
ticipants in remission in pairwise post hoc comparisons 
prior to Week 4. 

Mean %SIGH-SAD scores (final SIGH-SAD score as per- 
cent of the individual participant score at randomization) 



Mean SIGH SAD score* 



Mean SIGH SAD score As % of randomization % Participants in 



Randomizatio 28.0 ± 5.3 

Week I 18.6 ±7.9 

Week 2 14.9 ±10.0 

Week3 i I.I ±10.1 

Week 4 8.7 ± 8.4 



25.1 ± 3.2 

1 9.0 ±7.2 
1 7.9 ±4.9 
1 4.9 ±4.2 
1 3.4 ± 5.4 



67.1 ±26.7 74.0 ± 22.5 0.527 

54.5 ±36.4 7 1.7 ±19.5 0.208 

39.0 ± 30.7 54.4 ±17.9 0.080 

29.9 ± 25.4 54.4 ± 2 1 .8 0.027** 



0.999 
0.127 
0.176 

0.040*** 



Notes: Observed cases analysis: for active treatment n = 14 and for placebo treatment n = 9. * interaction of time and treatment significant in 
repeated measures ANOVA as noted in text. ** comparison significant at p < 0.05 by t test. *** comparison significant at p < 0.05 by Fisher's exa 
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Weekl 



Week 3 



Figure I 

Mean %SIGH-SAD Score after I, 2, 3 and 4 weeks of 
treatment. The mean SIGH-SAD score, as percent of indi- 
vidual participant value at the Randomization Visit, is shown 
for participants receiving active (n = 1 4) and placebo (n = 9) 
treatment in the observed cases analysis, at the Randomiza- 
tion Visit ("R") and after 1 , 2, 3 and 4 weeks of treatment. 
Error bars indicate standard error of the mean. 



were significantly different between the active and control 
groups at trial end, in both the intent-to-treat LOCF anal- 
ysis, 34.5% ± 30.47% versus 60.4% + 23.61%, p = 0.028, 
and the OC analysis, 29.9% ± 25.4% versus 54.4% ± 
21.8%, p = 0.027. Mean %SIGH-SAD scores did not differ 
significantly in pairwise post hoc comparisons prior to 
Week 4. Analysis of SIGH-SAD scores with a repeated 
measures ANOVA indicated a significant effect of time (F 
(1,115) = 71.2, p < 0.0001) and a significant interaction 
of treatment and time (F(l,115) = 5.30, p = 0.023). These 
results indicate that the active light treatment condition 
was significantly superior to the placebo control condi- 
tion. 



There was no significant correlation between expectation 
scores and therapeutic response measured as final 
%SIGH-SAD scores: for all participants, r 2 = 0.00 (p = 
0.86), for participants on active treatment, r 2 = 0.07 (p = 
0.35), and for participants on control treatment, r 2 = 0.03 
(p = 0.63). There was no significant correlation between 
pre- treatment MEQ scores and therapeutic response meas- 
ured as %SIGH-SAD scores for all participants, r 2 = 0.03 (p 
= 0.45), for participants on active treatment, r 2 = 0.00 (p = 
0.79), orfor participants on control treatment, r 2 = 0.00 (p 
= 0.84). 

Times of self-reported sleep start, sleep midpoint, sleep 
end, and treatment start are shown in Table 2 for all par- 
ticipants who completed the trial, for the week before 
treatment, the first week of treatment and the last week of 
treatment in Table 2. There was no significant difference 
between active and control groups in any of these varia- 
bles in any week. There were no significant changes in 
time of sleep start between the baseline week and first 
week of treatment, or between the first and last week of 
treatment in either group. The time of sleep end was ear- 
lier in the first week of treatment than in the baseline week 
in both active and control groups (within-group differ- 
ence significant at p < 0.0001 and p = 0.047, respectively, 
paired t test), presumably reflecting the need to complete 
treatment by 8 A.M. as required by the protocol. Between 
the first and last week of treatment the time of sleep end 
shifted somewhat later in the active group (p = 0.011, 
paired t test). Times of sleep midpoint and of treatment 
start showed a similar pattern to time of sleep end, as 
might be expected. 

There was no significant statistical correlation or apparent 
relationship between end trial %SIGH-SAD and time of 
treatment (r = 0.01, p = 0.74), in participants on active 



Table 2: Mean times of sleep and treatment during baseline week and during first and last weeks of treatment. 





Sleep onset tin- 




Sleep midpoint tim 




Sleep end time 






Active 


Placebo 


Active 


Placebo 


Active 


Placebo 


Baseline week 
First week treatme 
Last week treatme 


23:04 ± 1:01 
nt 23:11 ±0:45 
nt 23:05 ± 0:49 


23:08 ± 0:50 
22:58 ± 0:30 
22:58 ± 0:60 


3:06 ± 0:44' 
2:48 ± 0:321 
2:52 ± 0:38 


3:17 ± 0:59 
2:57 ± 0:46 
2:55 ± 0:55 


7:07 ±0:51 2 
6:25 ± 0:40W 
6:39 ± 0:443 


7:26 ± 1:22 
656 ± 1:14 
6:52 ± 0:60 



Time of treatment Time to treatment after midpoint of sleep 



Active Placebo Active Placebo 



First week treatment 6:42 ± 0:44" 7:03 ± 0:45 3:54 ± 0:29 s 4:03 ± 0:34 

Last week treatment 6:55 ± 0:45 4 7:07 ± 0:50 4:0 1 ± 0:28 s 4:02 ± 0:35 



Notes: Data is included for all participants who completed the trial, n = 14 for active and n = 9 for placebo treatment. No comparison between 
active and placebo group was statistically significant for any of the variables shown. Comparisons between the first week treatment and the baseline 
week or last week of treatment that were significant at p < 0.05 in paired t test are indicated by shared superscripts. 
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treatment who completed the trial. Most participants (11 
of 15) received treatment between 6:10 A.M. and 7:40 
A.M., and all of these showed a response with final score 
less than 50% of pre-treatment. There was no significant 
statistical correlation or apparent relationship between 
end trial %SIGH-SAD and the interval between time of 
treatment and sleep midpoint (r = 0.03, p = 0.53), in com- 
pleting participants on active treatment. Most participants 
(1 1 of 15) received treatment beginning between 3:20 and 
4:30 hours after sleep midpoint and all but 1 had a final 
%SIGH-SAD score less than 50% of pre-treatment. 

Few treatment-related adverse effects were reported dur- 
ing the trial. In the active treatment group, jitteriness and 
headache were reported by 1 participant at Week 1, dry 
mouth and difficulty falling asleep by another participant 
at Week 1. In the control treatment group, jitteriness was 
reported by 1 participant at Week 1. 

Discussion 

The results of this pilot study suggest that 30 minutes of 
daily light exposure to the Litebook LED device is effica- 
cious in the treatment of SAD: the a priori hypothesis of a 
difference in remission rate between active and control 
treatment was supported. The rate of remission in the 
active group, 57%, was comparable to the remission rate 
observed by Eastman et al [4] with 1 hour daily use of a 
5,000 lux light box (61%). Recent studies have indicated 
that the human circadian rhythm system is most sensitive 
to short wavelength light. For example, melatonin secre- 
tion is most powerfully inhibited by light with wavelength 
in the range 450 - 480 nm [9,11], and melatonin rhythms 
are best shifted by such wavelengths [10]. One study 
found light with wavelengths around 468 nm more effec- 
tive in the treatment of SAD than light with wavelengths 
around 654 nm [13]. The spectral energy distribution of 
light emitted by the Litebook LED device peaks at about 
464 nm, and 48% of its energy is in the range of 420 nm 
to 508 nm. It is reasonable to hypothesize that the LED 
device is therapeutically similar to the brighter light box 
due to this concentration in the short wavelengths. Dem- 
onstration that the therapeutic effect of the Litebook 
device is similar to that of a standard light box would 
require direct comparison trials. 

Therapeutic response with the Litebook device appeared 
to be gradual, with separation of the active and control 
groups increasing between 1 and 4 weeks. Our results are 
similar to those of Eastman et al [4], who observed a sig- 
nificant difference in response rate at Week 3 and 4. Most 
studies of light therapy for SAD have been 1 or 2 weeks in 
duration, but gradual onset of response was observed in 
the 4 week trial by Bauer et al [25], and in the 8 week trial 
by Lam et al [5]. It is possible that an 8 week trial would 
have shown a further increased therapeutic response. 



There is some evidence that trial length may affect speed 
of therapeutic effect in light therapy, with participants 
randomized to shorter treatment having a faster response 
than those randomized to longer treatment [26]. 

Selection of an appropriate control has been problematic 
in light treatment research, since, as in the case of some 
other medical devices, the modality of treatment cannot 
be "blind". Most such research has used treatment with 
dim red light as a placebo intervention. There are 2 prob- 
lems with this approach. First, as the use of bright light is 
increasingly recognized by the public as a treatment for 
SAD, participants may become more likely to perceive 
dim red light as the placebo condition, while participants 
exposed to bright light may be more likely to conclude 
they are receiving the active condition. Second, even dim 
light can affect the circadian rhythm system and may have 
some positive therapeutic effect [27]. The present study 
used a "credible placebo" design. A no-light device with a 
plausible therapeutic mechanism served to control for 
non-specific behavioral effects of light therapy (e.g., sit- 
ting for 30 minutes, waking before 8:00 A.M.). Expecta- 
tions for the light device were not significantly higher than 
for the ion generator, and there was no significant correla- 
tion between expectation score and therapeutic response. 

The relationships between therapeutic response and times 
of sleep and of treatment are important for theoretical and 
practical issues. It has been proposed that SAD is related 
to a phase delay of circadian rhythms, and that light treat- 
ment in SAD is effective by advancing circadian rhythms 
[28]. Terman and colleagues [29] observed a shift to ear- 
lier time of sleep midpoint during light treatment for SAD, 
suggesting a phase advance of circadian rhythm. In the 
present trial we observed only a shift towards later time of 
sleep end and midpoint during the 4 weeks of treatment. 
In the present trial, participants in both active and control 
groups appeared to move their times of awakening earlier 
between the pre-treatment week and the first week of 
treatment, likely because they were required to complete 
treatment by 8 A.M. Light treatment then appeared to be 
associated with a small delay in time of awakening during 
the treatment period. The protocol of the trial may have 
obscured the ability to observe shifts in circadian phase. 

The observations of Terman et al [29] would suggest that 
response to treatment ought to be strongest about 1.5-2 
hours after sleep midpoint in a participant with typical 1 1 
P.M to 7 A.M. sleep cycle. The present results do suggest 
that treatment between 6:10 and 7:40 A.M. in clock time, 
or between 3:20 and 4:30 hours after sleep midpoint, was 
effective in alleviating SAD. With the limited number of 
participants in this trial it is not possible to draw detailed 
conclusions about the dependence of therapeutic 
response on time of treatment. Studies with other meth- 
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odologies, such as that of Murray et al [30], have not 
observed relationships like those observed byTerman et al 
[29] . A more detailed version of the phase shift hypothesis 
suggests that the relationship between times of sleep and 
time of temperature minimum is critical in the pathogen- 
esis and treatment of SAD [31]. We were unable to meas- 
ure any such shift in phase angle difference as there was 
no measure of physiological rhythms in our participants 
(nor did we measure end trial MEQ, which might serve as 
a surrogate measure). There was no discemable relation- 
ship between MEQ and therapeutic response to light treat- 
ment. A study of this size might not be adequate to detect 
such an association. 

Reports of adverse events were rare in the trial and the 
light treatment was well tolerated by participants. Jitteri- 
ness was observed in 1 participant each in the active and 
control treatment groups. This trial is too small to permit 
accurate assessment of a difference in the occurrence of 
this symptom between active and control treatment. No 
ocular adverse events were observed. Studies with oph- 
thalmologic^ examination before and after treatment 
have disclosed no harmful effect of treatment with con- 
ventional light boxes [32], but such studies have not been 
conducted with the Litebook device. 

In summary, this pilot randomized controlled trial sup- 
ported the hypothesis that the Litebook LED device is sig- 
nificantly superior to a credible placebo control condition 
for the treatment of SAD. However, the results of a small- 
sample clinical trial must be interpreted with caution. A 
trial with a larger sample size would provide more defini- 
tive information about the efficacy and safety of this LED 
device. A more convenient form of light therapy might 
lead to increased use of light for SAD and other biological 
rhythm disturbances. 

Conclusion 

At the end of this 4 week randomized, double-blind, pla- 
cebo-controlled trial, the proportions of participants in 
remission (SIGH-SAD < 9) were significantly greater, and 
SIGH-SAD scores (as percent of individual score at rand- 
omization) were significantly lower with treatment with 
the Litebook LED light therapy device than with placebo 
treatment. A longitudinal repeated measures ANOVA 
analysis of SIGH-SAD scores also indicated a significant 
interaction of time and treatment. These results are con- 
sistent with the hypothesis that the Litebook device is an 
effective therapy for SAD. There was no significant corre- 
lation between therapeutic response and expectation 
scores, MEQ scores, or time of treatment expressed as 
clock time, or as time since the midpoint of sleep. Treat- 
ment was well-tolerated, with only transient minor 
adverse effects. 
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